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The theor«?tic©l p«rt of thr thesis Includes a c r i t i -
cal review of thr chwalstry of flavanoids mi biflavanoias end 
high l igh ts the recent advances in thf anfilytical tec'^ ni>-,ue3 
auch as TLt, UV, lh» *H-?.A<r,, **'i.^ r« v. and Miass spectroscopy 
applied to their isolat ion and structure elucidation. 
The work described in the thesis consists of 1 solu-
tion and characterisation of flevanoids, flavunoi.. olycosicies 
and blflavanoldi^ fronj the pl«f»ts of different farrtilles. 
: 2 : 
Isolat ion anct characterization of f l a v n o l J s and blflavanolds 
A number of flavanolds and blflavanoiJs of diffc»ri»nt 
1 11 
•er iea w«re Isolated ana characterized by UV,!.., H-l<-^ ; , u-NM-
end Mass spectral studies from th^ following f ive plants . 
i ) LvcoDOdiua clavature Linn. (Lycopodiaceae) 
2) u a l l i t r l i aleuca n.Sr. (t^upressaceae) 
3) Garuoa olni^eti^ hoxb, (Burseraceae) 
4) Cunnlnahyi^ia lanceolata Hook. Syn. u. finfps^f ...Br. 
(Taxodiaceae) 
*^ ^hu» ins ionis Hook, f# (^nacardiaceae) 
1) Lycopodlug clavatua Linn* (Lycopodiaceae) 
A new acylated flavonc^ glycoside frora thr leaves of 
Lvcopodium clj^vatmi^  linn* (Lycopociiaceae). 
the acetone extract of thr leaves of Lycopodlur^ 
c lava tug Linn* vi-'as concentrated and ourified by colunv) chromato^* 
graohy followed by preparative TL'«- on s i l i c a gel ^ {c in) y ie ld-
ing Lui, a.p.254*^, Ihe acid hydrolysis of LCi gave aoiv^enin, 
p-coumaric acid and glucose* Treatment of LCI with meth-molic 
sodium aethoxide yielded two coe^onents i>la and I lb* Ihf^  
structure of LCle and Lclb v^ er€» asslgni^d as enioenJn-4*-'-.j»gluco-
side (LxViia) and methyl-p-coumari^te ( L A M : ! ) r c s o c c t l v l y by 
( 3 t 
Spectral atuiles* I t was concluded that LCI vas an acylated 
i^lycoaidt which contained apig€4f»in»4*« Ji-glucosii*" linked «vith 
p-coumarlc acid* 
LCI was methylated with NaH/CH I^ in . MA:^^'"' which 
provided a methyl ether Lv_iM» The high taol^cular i-eiaht of 
L<-1'4, m/e 808 Indlcaited the presence of two coumaroyl residu'-a, 
Acetylation of LCI with ACr,0/?yrldinc« gave sn acet.^te, m,D,231? 
The eoRparison of the chemical sh i f t of sugar ocetoxylu with 
14'? those of other acetylated glycosides " (Table-X), which 
values at 3 and 4 pos i t ions , l€o 
us to bel ieve that two p-eou«aaroyl groups in l^J ' v^ exe linked 
with Jh^7" and C»>.6\ 
Jjefinite proof that Ltl was apigenin-4••;»-(2' ,6 -cii-
D»p-couaaroyl*B-0»glucopyranoside) (LXlX) was obtained frora 
••'C-NMh spectral s tudies . The ch*»mlcal sh i f t for t;-6 in th# 
glucose noiety of LCI was 63*4 ppm and was about 2. ppir. down~ 
f i e ld to that for c-6 in phenolic glucosldes ^id can be 
" Rl 141 
ascribed to the s h i f t caused by acylation at :>^6 • • /-s 
a consequence* the signal for c-5 in the spectrun. of LwJ was 
shifted upfield by ca. 2«S ppm* similarly the CA, ?.,^ ppm 
upfield sh i f t s of the s ignals for the carbon atoms w^l' and '--.3 
indicated acylation at f>lp-2'• These resul ts alongwith the mass 
spectral fragmentation of CUM and LCI supnorted i t s formula-
tion as 8pigenin»4*-Cu(2 ,6 -dl-0-p-couraeroyl)- —;i»clucoslde 
(LXIX). 
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^) <^«XXltrly alayc^ H.Br* (Cupr»s8ac«ae) 
The following six flavanoldlc conpoundt have br>tm 
i so lated and characterlieci from thf? l«av«8 of u a l l l t r l s glauca 
rv^ Br* (Cuprcatacaaa)* 
8& 
The acatonp extracts of tho leaves of u a l l i t r l s 
olauca fv.Br, were treated with petrol» ben7'?ne anu f'thyl-
acetate . The ethylacetate fraction wan trpoted wt'lth hot water 
The water insoluble fraction was purif iec by usual methods 
which gave four comoact spots (TLt, s i l i c a ge l , t^.P.i , , 36t9:5) , 
label led as CH, LG11» C3IJ1 and v^ UV (minor) in thr increasino 
order of r.^  values* The followinrj flavanoldic cotapoun-'s have 
been isolated (CLD and PLC) and characterlirpd by SDc>ctrrl 
sUidles of their methyl and acetyl derivat ives . 
t 5 8 
Cul: 3»,4*,5,7,8-Pentahydroxyfl«vone (Hypolafftln), 
Ct3IIt l -4« , I I -4» , I«5 , l I -5 , l -7 , i l -7 -Hexahydroxy[ i -3» ,JI -e : 
biflavone. 
CGIIIt (I) l-4«,Il-4%I-5,Ii-.5,2i-7-r>©nt»hydroxy-l-7-0-mothyl 
fJ -3%lI -83b in»von« |* ( l l ) Hinokiflavone. 
CGIVi Jl»C>-a(!>thylfi!nentofXavone« 
'^iBt9x soluble fraction 
Tha watar soluble fraction* on ©xtrectlon with ethyl-
acetatr and TLC examination ( oalm Polyamlde) qave two spots 
which were separated and purified by coluom chromatogranhy 
( s i l i c a gel) and label led as Cvjl and Cgll, 
Cqlt Kaenpferol«'5«'0-rharano8lde 
Ggl was characterized as irvaerapferol«>5*Ci»rhamnoslde, 
a new glycoside by spectral studies of I t s aglycone and the 
sugar obtained by methylatlon followed by hydrolysis . I t g»ve 
S-Hydroxy-3»4%7-trl!a©thoxyflavone (tvMTv of i t s ac«lst«'), there-
by locating th<B sugar nolc-ty at ^--position. 
* detected by ILC, 
s 6 t 
HO 
O O 
rhamnose 
( LXIXc) 
Cgll b#ing mlnoi^  contt i tupnt coujd not b# ld»nt i -
3) Garufra plnnrta Koxb, (Bur«»r»c#se) 
A biflavonf fsom thf i©av©s of Garuaa pinnata cxb. 
Th^ phenolic extractives of the leaves of a, pjnnetg 
af ter usual purification revoaled only one col lect band, IM 
(TLC, s i l i ca gel» BPF, 36i9t5)* Frora fraction I only one 
biflavone has been isolated (PLC s i l i c a gel) fund characterized 
by UV and ^^ studies* 
Gi^ '18 /tj||<>ntoflavone« 
» 7 t 
4) wunnlnghawia lancgola ta Hook# (Taxociiac«>ae») 
Thtp- following eight flavones h^ve b«©n i s o l a t c J and 
char«c t»r i^« i ftom th^ leaves of wunnlnqhamla l aneo le ta f ook, 
(TexodliACeae)* 
The phenolic ex t r ac t i ves of the- leaves of C^ , lanceo-^ 
l a t a Hcok, a f t t r u»ual o u r i f i c s t i o n revealeti flvp coaawact 
bands (TLC, s i l i c a g e l , BPF, 36«9t5), t L l , CLJI, C L l i : , CLIV 
and CIV, Froaj these f rac t ions seven blflavsnolcis and spi*^enin 
havf? be^n i so la ted {S^K^J and PLL.) JM^O character ixed by apectrc*! 
s tud ies of the i r methvl and acetyl deriva clv<^«. 
CL|.t (1) /^ento^f lavont j ( i l ) uobuataflavone. 
hobustaflavone i s being reported for the f i r s t tlm«? 
In wunninghamia genua* 
v^LXli (1) iequolaflavonei (11) Hlnoklflavonp. 
c l l l l i Xaocryptomerln. 
Sf,jLl\(t (1) i-»7,ll»7-L>i-u-methyl»Rentoflavone| (11) 'p igenin , 
^lyt Kayaflav(»)e« 
5) nhua lnaig|nlf Kook» f. (Anacardiaceae) 
The follo'vinq four dlhyciroflavanolis hav?» bep-n i s o l a -
ted and charac ter ized from thf* l^ <«ives of Kht^ ,^  j^naignig ook, f. 
(Anacardiaceae)* 
t a » 
from th** ®c«tonf extracts of th«» dried aaid oowieren 
l«av«s of nhui Antlanls Hook* f,, four dihyaroflav,«!noi Js have 
bven Isolatttd by column chromatoqraphy (a i l l ca gel) »nd 
iab«ll«d U r.l-I (R^ 0,60)1 Kl-Ii {h^ 0.64)f h l -JU (n^ D.?^) 
and hl-lV (K^ 0,88) In toluenottthylformatcMforTiic acJd ( 5 J 4 I 1 ) , 
They were charac tori rod by liV and MMT. spoctral studlrt of their 
methyl end acetyl derivat ives . 
KX*"! I 3,7f 3* ,4»-Tetrahydroxyf l»vanono. 
HI«»IX> 3,5,7,3*,4'-p€ntahydroxyflavanone. 
KX«»IIlt 5,7,3* ,4*-Tetrahydroxyflavanone. 
RI«'IVi 5,7,4 *-Trihydroxyflavanone. 
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INTRODUCTION 
with the studies of naturally occurring compounds of 
all kinds, flavanoid chemistry has emerged from the undirected 
search for new compounds, and the establishment of their struct-
ures by conventional means, and has been increasingly directed 
into areas of inquiry in which biological considerations come to 
play an increasingly important role. Nevertheless, it is still 
apparent that methods of isolation and separation and efficient 
procedures for structure analysis are essential to rapid progress 
in the field. The upshot of the several developments, it is now 
possible to assay the complex constitution of plant materials 
with relative ease and certainty, and in terms of the complete 
structures of the individual constituents. The important of this 
facility to considerations of biological aspects of the flavanoid 
chemistry can not be overemphasized. It is to be anticipated 
that flavanoid will find its most interesting future developments 
in areas closer to biology than to the classical areas of struc-
tural organic chemistry, and considerations of biological origins 
and biological function must rest upon accurate structural 
information, and upon a thorough knowledge of constituents that 
co-occur in nature. Many questions remain to be answered, and it 
seems likely that progress during the coming decade will equal or 
surpass that of the one part. An area in which much of interest 
remains to be discovered is that of the biological function and 
physiological properties of flavanoid compounds. It is perhaps 
2 
the challenge of discovering these yet undisclosed functions 
which has caused the considerable resurgence of interest in 
flavanoids during the last decade. 
The flavanoids, one of the most numerous and widespread 
groups of natural constituents, in which two benzene rings are 
linked by a propane bridge (C.-C-C-C-C,) except in isoflavone, 
the arrangement being (C^-C-C-C), and include chalcones, dihydro-
K 
chalcones, aurones, flavanones, flavones, isoflavones, flavonols, 
2,3-dihydroflavonols (flavanonols), flavan-3,4-diols (leucoantho-
cyanidins), anthocyanidins and catechins. They vary the oxida-
tion states, the catechins representing the lowest and flavonols 
the highest oxidation levels. Nearly two thousand substances 
have been described and as a group they are universally distri-
buted among vascular plants. The study of distribution of 
1 2 flavanoids in plants is of great chemotaxonomlc value * . 
The most reactive biological compounds are usually 
nitrogenous; these compounds are bases and have strong affinities 
for the acidic groupings of reactive sites. In contrast, phenolic 
rings can react only weakly with specific receptor groups, 
primarily by hydrogen bonding. However, phenolic substituents 
usually improve the solubility characteristics of compounds and 
the phenols are in general easily moved across biological 
3 
membranes . Thus one may predict that flavanoids have relatively 
• ! 
weak Influences, but on a broad range of biological phenomena» 
since altered nembrane characteristics appear to be a najor neans 
4 
by which ozganisa control their biochemistry . The flavanoidic 
compounds have economic value in the tanning of leather, the 
fermentation of tea, the manufacture of cocoa and in the flavour 
5a b qualities of food stuffs * , They are widely used as antioxidants 
for fats and oils^^»^. 
Numerous physiological activities have been attributed 
7 
to flavanoids . The potent uses of flavanoids may be listed as 
vitamin P activity (i.e. the property of reducing the capillary 
fragility and permeability)} diuretic action; treatment of alergy; 
protection against X-rays and other radiation injuries; antibacte-
rial activity; prophylactic action; oestrogenic activity and anti-
p 
viral effects . 
In extensive screening progratnnes of plant products for 
anticancer drugs, it is not surprising that claims have been made 
that flavanoids may contribute to, or be effective in combatting, 
certain types of cancer. Several flavanoids are moderately 
effective against laboratory cultures of malignant cells. Eupatin 
and eupatoretin and either centaureidin or 6-demethoxy centaurei-
din are all moderately effective against a carcinoma from the 
9 10 
nasopharynx * . 
4 
Anong recent development has been the discovery and 
expanded study of a number of flavanoid compounds of novel type. 
The formation of the biflavanoids provide additional examples of 
the phenol oxidative coupling process, counterparts of which are 
found in many classes of natural phenolic compounds. 
The biflavanoids are derived from two flavone or flava-
none or flavanone-flavone units and have been mostly isolated from 
Gymnosperms. Among the angiosperms, some plants belonging to 
Guttiferae^^*^^, Euphorbiaceae^"'*^^, Caprifoliaceae^^, Archegonia-
1 ft 1 7 1 8 
teae , Ochnaceae and Anacardiaceae and some ferns belonging 
19 to Selaginellaceae have been found to contain biflavanoids. 
All the biflavanoids known to date are arranged into 
two main groups according to the type of interflavonyl link. 
A. C-C linked biflavanoids 
B. C-O-C linked biflavanoids. 
A. C-C linked biflavanoids 
We have different series which depend upon the nature 
of the constituent monomeric units and of the position of the 
linkage. 
1. Amentoflavone Series 
These are derived from two apigenin units with [1-3*, 
II-8] linkage and are represented by seventeen members with 
5 
araentoflavone (I) as the parent compound. Some of which have 
been isolated as optically active atropisomers. 
ORe 
( I ) 
20-22 a- Amentoflavone 
b- I-7-O-Methyl-
(Sequoiaflavone) 23-25 
c- I-4'-0-Methyl-
(Bilobetin)^^»2^ 
d- II-T-O-Methyl-^*^'^® 
f- 1-4',1-7-0i-0-«ethy1-
(Ginkgetin)2^'2^^^ 
R, 
H 
CH. 
H 
H 
e- II-4'-0-Methyl- H 
(Podocarpusflavone-A) ' 
CH. 
K 
H 
H 
H 
3^ 4^ S 
H 
H 
H 
H 
H 
CH3 H 
H 
H 
H H 
H 
H 
H 
H 
H 
H 
CH3 
H 
H 
CH. 
H 
H 
H 
H 
CH-
H 
6 
^1 ^2 ^3 ^4 S ^6 
g- I-4',ll-4'-Di-0-methyl- H H H H CH3 CH^ 
(Isoginkgetin)^^"^^*^^ 
h- II-4',I_7-Di-0-methyl-
29 (Podocarpusflavone-B) 
i- 1-4•,II-7-Di-O-methyl-^^ 
j- I-7,II-7-Di-0-methyl-^® 
k- II-4',I-7,II-7-Tri-0-
methy1-(Heveaflavone)^^^'^^ 
CH3 
H 
^»3 
CH^ 
H 
C"3 
^»3 
CH^ 
H 
H 
H 
H 
H 
H 
H 
H 
H 
•="3 
H 
H 
C"3 
H 
H 
CH^ 
3 
1- I-4',II-4»,II-7-Tri-0- H CH3 H H CH3 CH3 
methyl-(Kayaflavone)^^*^^ 
»- I-7.I-4MI.4'.Trj5^^^29,31^"3 » H H CH3 CH3 
methyl-(Sciadopitysin) 
n- I-4',I-7,II-7-Tri-0- CH^ CH-, H H CH-, H 
methyl-'^ ® 
o- l-4',II-4«,I-7,II-7-Tetra- CH, CH- H H CH, CH, 
O-methyl-''^ "''' 
p- 1-4 M I - 4 ' , 1-5,11-5,1-7, CH3 CH3 CH3 CH3 CH3 CH3 
II-7-Hexa-O-methyl-
(Dioonflavone)^® 
Sotetsulflavone has been reported as the sole blfla-
vone constituent of Cycus revoluta^^. However, reinvestigatit 
of this plant revealed that the reported sotetsulflavone is a 
7 
mixture» major part of which is amentoflavone and minor compO" 
25 39 
nents are methylethers of amentoflavone * . II-7-O-Methyl-
amentoflavone (I d) has, however, been recently isolated from 
28 Araucaria excelsa Lamb. 
40 2. I-7-"Q-methyl. I~6-"C'-methYlamentoflavone 
40 Rahman et al. have recently isolated I-7-O-methyl, 
I-6-C-methylamentoflavone from the leaf extract of Ceohalotaxus 
harrinqtonia K. Koch. This is derived from 6-C-methylgenkwanin 
and apigenin with [1-3', II-8] linkage. 
OH 
3. 1-2,3-Dihydroamentoflavone Series^^ 
These are derived from a naringenin and apigenin unit 
with flavanone [1-3•, II-S] flavone linkage, and are represented 
by four members with 2,3-dihydroamentoflavone (Ilia) as parent 
compound. 
8 
a) I-2,3-Dihydroamentoflavone^^'^^ H H 
H b) I-2,3-Dihydroaraentoflavone 
II- .4 ' ,II-7-Dimethylethe^^^'^•'• 
c) I-2,3-Dihydrosciaclopitysin 
d) I-2,3-Dihydroaraentoflavone 
41b hexame thylether 
41b CH3 H 
R, 
H 
CH3 H 
H 
H 
H 
H 
H H 
H CH, 
CH3 CH3 
CH3 CH3 CH3 CH3 CH3 CH3 
4. Tetrahydroamentoflavone Series 
Three new closely related blflavanones A, B and C have 
18 been isolated from defatted nuts of Semecarpus anacardium Linn. 
The first of these has been characterized as its methyl ethers A^ ^ 
and A». 
H 
OH O 
( I V ) 
a) 1 -7 ,1-4 ' , I I -4 ' -Tri -0-aethyl - I -5 , II -5 , II -3»- tr ihydroxy 
[ l -3 ' , I I -8]bi f lavanone (Aj^). 
b) 1-7,1-4' ,11-4' ,II-3'-Tetra-0-methyl-I-5,II-5-dihydroxy 
[ l -3 ' , II -8]bi f lavanone (Ag) 
R 
H 
CH, 
The biflavanones B and C have also been characterized 
as their methyl ethers/corresponding chalcone methyl ethers. 
Suggested structures are 0-aethyl derivatives of 
[l-3',II-8] blnarlngenin (V) for the former and [l-3',II-8] 
blllqulrtlgenln (VI) for the latter. 
HO 
OH O 
OH 
l i J 
OH 
C VI ) 
11 
Reinvestigation of Semecarpus anacardium Linn, revealed 
that the reported biflavanones related to (IV) and (VI) could not 
even be detected, the formation of partial methyl ethers of 
[l-3',II-8] linked binaringenin (V) and [l-3',II-6] linked 
42 binaringenin are reported by methylation using diazomethane. 
Tetrahydroamentoflavone (V) has, however, been recently isolated 
43 from Toxicodendron radicans 
5. Cupressuflavone Series 
These are derived from the two aplgenin units with 
[l-8,II-8] linkage and are represented by eight members. 
Cupressuflavone (Vila) is the parent compound while the other 
seven are its partial methyl ethers. 
RlO^ 
RgOv 
OR3 
c 
if 
7[ 
> ^ 
0 
^0 
. 0 
0 
\N 
\N 
(VII) 
•i fJ n 
44 
a- Cupressuflavone 
b- I-4'-0-MethYl-'*^ 
c- I-T-O-Methyl-"*^*^^ 
e- I-4SI-7(or II-4»,I-7)-
Di-O-methyl-^® 
f_ I-4',I-7,II-7-Tri-0-inethyl-^^ 
g- 1-4 •, 11-4 •, 1-7, II-7«r 
Tetra-O-methyl-
*h- I-4',II-4',I-5,I-7,II-7-
Penta-O-methyl-
^1 
H 
H 
CH3 
CH3 
^"3 
^"3 
CH3 
CH3 
R2 
H 
H 
H 
CH3 
H 
CH3 
CH3 
CH3 
S 
H 
H 
H 
H 
H 
H 
H 
CH3 
«4 
H 
H 
H 
H 
H 
H 
H 
H 
S 
H 
CH3 
H 
H 
CH3/ 
CH3 
CH3 
CH3 
h 
H 
H 
H 
H 
^"3 
H 
CH3 
CH3 
Synthetic 
The structure of 1-4* ,11-4'-Di-0-methylcupressuflavone, 
isolated from Araucaria cunniqhamii and A, cookii has been 
revised to I-7,II-7-Di-0-inethylcupressuflavone 
6. Aqathisflavone Series 
These are derived from the apiginin units with [I-6, 
II-8] linkage, and are represented by seven members with agathis-
flavone (Villa) as the parent compound. 
1 O 
i l l 
OR4 O 
C V I I I ) 
a- Agathisflavone ,50 
b- I-7-O-Methyl-^ '''^ '^'*'' 
c- I-7,II-7-Di-.0-m€thyl^^ 
d- 11-4',1-7-Di-O-methyl-*''''^^ 
e* II-4',I-7,II-7-Tri-0-iaethyl-28 
f- 1-4',11-4',1-7,1I-7-Tetra-O-
methyl-^^ 
^1 *^ 2 ^3 ^4 ^5 *^ 6 
H H H H H H 
CH3 
CH3 
C"3 
CH3 
CH3 
H 
CH3 
H 
CH3 
CH3 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH3 
H 
H 
CH3 
CH3 
CH3 
g- Agathisflavone hexamethyl CH>) CH<3 CH^ CH<3 CHn CHo 
Synthetic 
14 
7. Rhusflavone^'^^ 
This flavanoflavone has been isolated very recently 
from seed kernel of Rhus succedanea. This is derived from 
naringenin and apigenin units with [l-6,II-8] linkage. 
O H O 
(IX) 
53b 8. Rhusflavanone 
The Rhusflavanone (Tetrahydroagathisflavone) has been 
isolated from the seed kernel of Rhus succedanea. 
ID 
HO 
OH 
OH O 
(X) 
9. Robustaflavone Series 54 
These are derived from two aplgenin units with [1-3*, 
II-6] linkage and are represented by three aenbers. Robusta-
54 flavone (XI) is the parent compound and the other two are its 
mono> and dimethyl ethers, characterized only as their complete 
54 
methyl ethers . 
HO 
OH 
(XI) 
16 
10. BGH Series 
These are derived from naringenin and an apigenin or 
luteolin unit with flavanone [l-3,II-8] flavone linkage and 
represented by BGH-II (Xlla) and BGH-III (Xllg) as the parent 
compounds respectively. 
OR4 O 
(Xll) 
a- BGH-il(Morelloflavone/ 
Fukugetin)^^'^^'^^ 
b- II-3'-0-Methyl-56 
R R^ R2 R3 R4 R5 R^ 
OH H H H H H H 
OMe H H H H H H 
iV 
R 
OMe 
•^ 1 
Me 
«2 
Me 
"3 
Me 
% 
H 
S 
Me 
«6 
Mv *c- 1-4',11-4',1-5,1-7, 
II-7-Penta-O-methyl-
II-a'-methoxy-^^ 
*d- I-4',II-4SII-5,I-7, OMe Me Me H Me Me Me 
II-7-Penta-O-aethyl-
II-3'-methoxy-^^ 
*e- 1-4',II-4',1-7,11-7- OMe Me Me H H Me Me 
Tetra-O-aethyl-II-3'-
nethoxy-
*f- I I - 4 ' , I - 7 , I I - 7 - T r i - 0 - OMe Me Me H H H Me 
58 
iBethyl-II-3 '-methoxy-
g- BGH-III(Talbotaflav6ne/ H H H H H H H 
Volkensif lavone)^^'^^'^^ 
• S y n t h e t i c . 
11 . WGH Series^^ 
Two new biflavones, WGH-II- and WGH-III^^ have been 
synthesized by dehydrogenation of BGH-II and BGH-III, respecti-
vely. 
18 
a- R=OHj II-3',I-4',II-4',I-5,II-5,I-7,II-7-HeptahYdroxy 
[1-3,11-8] biflavone (WGH-II or Saharanflavone)^^. 
b- R=H; 1-4',11-4',1-5,I1-5,1-7,I1-7-Hexahydroxy [l-3,II-8] 
biflavone (WGH-III) 11 
12, GB Series 
This series conprises of reduced heterocyclic systems. 
Five nembers are reported to occur in nature. They are derived 
from naringenin linked with a naringenin or aromadendrin or 
taxifolin or eriodictyol through [IT3, II-S] linkage. 
HO 
OH O 
(XIV) 
1 a 
a-
QB.112.61-63 
^1 ^2 *^ 3 
OH H OH 
b- GB-Ia^2»^^-^^ H H OH 
c- GB-2^2.61-63 OH OH OH 
d- GB-2a-^^'^^~^^ H OH OH 
e- Kolaflavanone 64 OH OH OMe 
13. Succedaneaflavanone 53c 
This i s derived from two naringenin units with 
[1-6 , I I - 6 ] linkage. 
HO 
(XV) 
2d 
14, Taiwaniaflavone Series 
A new series of naturally occurring biflavones have 
i 65 a been isolated from Taiwania cryptomerictfies as the parent 
and its mono- and dimethyl ethers. These are derived from two 
apigenin units with [l-3',II-3] linkage. 
RiO 
(XVI) 
a-
b-
Taiwaniaflavone 
I.7-0-Methyl-^^^ or 
II-7-O-Methyl-^^^ 
65 a 
c- 1-7,11-4'-Di-O-Methy 1-°^^ or 
II-7,II-4'-Di-0-Methyl-65 a 
^1 ^2 ^3 ^4 ^5 ^^6 
H H H H H H 
^"3 
H 
^"3 
H 
H 
CH3 
H 
CH-
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CI 
CI 
9 j 
15. l-4',I~5,II-5,I»7,II~7~Pentahydroxy flavanone [1-3, II-S] 
.^ 65b Chromone 
This compound has been isolated from the leaves of 
Garcinia dulcis Kurz. It is a dimer of naringenin and 5,7-
dihydroxy chromone linked through [l-3, II-8] . Its isolation 
has introduced a new series comprising of flavanone-chromone 
structure. 
HO 
B. C-0-C-linked Biflavanoids 
1. Hinokiflavone Series 
These are derived from two apigenin units with [l-4'^o„ 
IX-6] linkage. Hinokiflavone (XVIIIa) is the parent compound 
with six others as its partial methyl ethers. Earlier hinoki-
flavone and its derivatives were assigned [l-4'-0-11-8]^^ 
linkage which has later been revised to [l-4»-C>-II-6]^^~^^. 
( X V I I I ) 
I f I i^1 66f67,70 
a- Hinokiflavone * * 
[ l - 4 ' - 0 - I I - 6 ] 
R^ R^ R3 R^ R^ 
H H H H H 
b- I-7-O-Methyl-
(Neocryptomerin) 29 
Me H H H H 
c- II-7-O-Methyl-
(Isocryptomerin) 68 
H Me H H H 
d- I I - 4 ' - 0 - M e t h y l -
(Cryptomerin-A) 69 
e- I-7,II-4'-Di-0-methyl-69c 
H H H H Me 
Me H H H Me 
f- 1-7,II-7-Di-O-Methyl-
(Chamaecyparln) 
Me Me H H H 
g« I I - 4 ' , I I - 7 - D i - 0 - m e t h y l 
(Cryptomerin-B) 
H Me H H Me 
h- 1 - 7 , I 1 - 7 , 1 1 - 4 ' - T r i - O -
69 
Me Me H H Me 
Synthet ic 
2. 2,3~Dihvdrohinokiflavone 
This flavanoflavone (XIX) has been isolated from 
39 41b 
Metasequcia qlvptostroboiues and Cycas species ' 
HO 
OH O 
OH 
OH O 
(XIX) 
3, Ochnaflavone Series 
Members of this series have been recently isolated 
from Ochna squarrosa L. (Ochnaceae). The structure of the basic 
skeleton has been confirmed by a complete synthesis of ochnafla-
vone pentamethyl ether. Thi$ type constitutes the first example 
of a naturally occurring biflavanoid in which neither of the 
A-rings is involved in the interflavonyl link. So far, only 
fully aromatic members of this series are known ' . 
4 
(XX) 
a-
b-
c-
Ochnaflavone 17 
17 I_4t«0-Methyl-' 
1-4 •, I-7-Di-O-me thy 1- ^ '^ * ^ *^= 
d- 1-4',1-7,11-7-Tri-0-methyl-36c 
e- Ochnaflavonp pentamethyl ether 17 
^1 ^2 ^3 ^4 *^ 5 
H H H H H 
H H H H Me 
Me H H H Me 
Me Me H H Me 
Me Me Me Me Me 
Synthetic 
-1 
THE GLYCOSIDES 
The term glycoside embraces a large and remarkably 
varied group of organic compounds which on hydrolysis yield, 
in addition to sugar other substances, frequently of aromatic 
in nature. The non sugar part (aglycone) may include a wide 
variety of compounds occurring in nature. In the case of 
flavanoid glycosides this moiety is generally a phenolic 
compound. A large number of glycosides were earlier isolated 
from plants and studied, were 0-linked glycosides. In these 
the sugar portion is linked to the aglycone through the oxygen 
of a phenolic or alcoholic hydroxyl group. A novel and stable 
type of glycosides has been discovered and these are distingui-
shed by a direct C-C link between the sugar and non sugar part. 
A vast range of flavone and flavonol glycosides have 
now been reported from the natural sources. For quercetin, the 
most common flavonol aglycone, over seventy glycosidic combina-
tions have been fully characterized and many more have been 
partly analysed. Almost as many glycosides have been isolated 
in the case of the other two common flavonols, kaempferol and 
myricetin, and there are also numerous derivatives of the two 
common flavones, apigenin and luteolin. Indeed, kaempferol 
occurs in plants in many different glycosidic combinations. Most 
are 3-glycosides or 3,7-disubstituted glycosides. Sugars are 
rarely attached to the 5- or 4'-hydroxyl of kaempferol; the 
3-rhainnoside-4'-arabinoside present in Prunus spinosa leaves 
and the 5-glucoside of Cotula leaves are quite unusual types. 
Acylated glycosides 
Recently many flavanoid glycosides are also found in 
nature which are acylated with acid such as benzoic, p-hydroxy-
benzoic, gallic, p-coumaric, caffeic, sinapic, ferulic, malonic 
and 2-raethylbutyric of these, the most frequently found are 
p-coumaric and ferulic acids. Acylated glycosides may be 
recognized by their high chromatographic mobility on paper in 
solvents 15>i acetic acid and phenol and low mobility in water, 
when compared with the corresponding unacylated glycoside. 
Acylated glycosides also have distinctive spectral 
properties; those acylated with aromatic acids are readily 
distinguished by UV spectroscopy, since the aromatic absorption 
is superimposed on the normal flavanoid spectral bands. The 
acyl group can then be removed by mild alkaline hydrolysis and 
the acid present recovered and identified by standard 
procedures. In these glycosides, there is usually only one 
acyl group and this is almost invariably attached to one of the 
sugar hydroxyls and thus is not directly linked to the flavanoid 
skeleton. 
hi I 
1, Acylated Kaempferol Glycoside 
a) Pentunoside 
One of the f i r s t acylated flavonol glycosides to be 
ful ly charac ter ized was pentunoside (XXI), a sophoroside der iva-
71 t i v e , i so l a t ed from Petunia hybrida . Since sophorose i s O-p-D-
glucopyranosyl~(l —> 2)~P-D-glucopyranose, (XXI) i s kaempferol 3-
[2-(0-feruloyl) -0-p-D-glucopyranosyl- ( l —>• 2)-p-D-glucopyranoside3 
CH2OH 
H3CO. 
HO—(^ "^V-HC = HC— C-O 
O 
H 
( X X I ) 
b) Kaempferol-3'-g-D~(6''-Q-p~Coumaryl) glucoside 
Probably the most widely distributed acylated flavonol 
72 glycoside is tiliroside, kaempferol 3-(p-coumarylglucoside) , 
73 
which was originally formulated as the 7-p-coumaryl derivative 
Originally reported in the flowers of lime, Tilia arqentea, it 
has subsequently been found in a variety of other higher plants 
74 
and also in the bracken fern Pteridium aguilinum . Kaempferol-
3-p-D-(6 -O-p-coumaryl) glucoside (XXII) has been also isolated 
75 from Pinus controta needles 
HO 
O 
CH-0-C-CH=iCH —(' 'VOH 
HO 
(XXII) 
c* .'i 2rf 
(c) Kaempferol-3-3~D-(di-p-coumaryl) qlucoside 
Kaempferol-3-p-D-(di-p-coumaryl) glucoside (XXIII) 
75 has been isolated from Pinus contorta needles , in which one 
of the acyl groups has been shown to be linked to 6-OH of the 
glucose moiety. The position of the second p-coumaryl unit 
has,however^ not been established. 
HO 
OH 
O - C 
II 
O 
— CH=rCH 7 \^  OH 
(XXIII ) 
30 
2. Cjuercetin-Galactoside-Gallate 
Quercetin-3-p-D-galactopyranosicle-2"-gallate (XXIVa) 
and quercet in-3-p-[) -galactopyranoside-6"-gal la te (XXIVb) have 
been i so l a t ed from Euphorbiaceen verrucosa and E^ . p l a t iphy l lo s 
r e spec t ive ly . 
OH 
HO 
OH 
HO 
HO ^ ^ 
( X X I V a ) 
OH 
HO 
HO 
V^X^c^o-^^ V o I OH 
( X X I V b ) 
31 
3. Flavonol Glycoside Gallates from Tellima grandiflora 77 
Quercetin-3-0-(6-0-galloyl)-p-D-glucoside has been 
identified as a constituent of Tellima grandiflora (3axifrag-
aceae). In all twelve gallates were encountered; two isomeric 
gallates of quercetin-3-O-glucoside and two of quercetin-3-0-
galactoside, a similar set involving kaempferol and a similar 
one involving myricetin. 
4, Isorhamnetin-3-0-[6''~0-acetyl] glucoside 
The flavonol-0-acylglycoside (XXV) has been isolated 
78 75 
from Salix viminalis and Pinus contorta needles 
HO 
H3C 
OH O 
C—O—CH;, 
II 
H OH 
(XXV ) 
,";2 
79 5. Linarin-Q-2--methvlbutvrate 
This is the first report of the occurrence in nature 
of a flavanoid glycoside acylated with 2-methylbutyric acid. 
This has been isolated from Valeriana wallichii. 
CH-
OH O 
(XXVI) 
(a) R^ = H; R2 = Et (Me) CH - CO 
(b) R2 = H; Rj^  = Et (Me) CH - CO 
An acylated acacetin-7-O-rutinoside of Valeriana wallichii 
has been shown to be a mixture of 2"'-0- and 3"'-0--, 2-methyl-
butryl esters. 
;;3 
6. Naringenin-7-Q-p-D-[6 -O-galloylj-glucopyranoside 
The flavanone-0-acylglycoside (XXVII) has been isolated 
from the pods of Acacia farnesiana. This is the 7-0-glucoside 
of naringenin in which gallic acid is attached with 6 -hydroxyl 
of sugar. 
OH O 
( X X V I I ) 
r ' ' n 
7. Naringenin-7-0-L6 -0-p-coumarylJ-p-D-glucoside 
81 
The prunin-6'-O-p-coumarate (XXVIII) has been i so la ted 
from Anacardium occidentale L, 
i4 O'i 
^xx^" 
(XXVIII) OH 
8. Vitexin-2'^-O-p-hvdroxv benzoate 
The flavone-0-acyl glycoside (XXIX) has been isolated 
from puriri wood (Vitex lucens). 
RO 
OH 
(XXIX) 
3o 
Biflavanoid Glycosides 
57 83 Konoshima et al. * have recently isolated 
fukugiside (XXXa) and Spicataside (XXXb) from Garcinia spicata 
and Xanthochymusside (XXXI) from Garcinia xanthochymus. 
OH O 
(XXX) 
a, Fukug i s ide ; R, = OH; R = p-D-Glucosyl 
b , S p i c a t a s i d e ; R,= H ; R = p-D-Glucosyl 
3o 
(XXXU 
Xanthochymusside, R = p-E)-Glucosyl 
84 [l'-3,II-83-Binaringenin-II-7~Q-p-glucoside 
A new biflavanone glucoside (XXXII) have very recently 
been isolated from Garcinia multiflora. 
HO 
OH 
R = Glucosyl 
Optical Activity in Biflavanoids 
The optical activity in biphenyls is due to the 
restricted rotation of the biphenyl system with sufficiently 
large ortho substituents. This phenomenon is known as 
'atropisomerism'. The biflavanoids belonging to amentoflavone, 
cupressuflavone and agathisflavone series also incorporate a 
biphenyl system in which atleast three out of four ortho posi-
tions are substituted. These ortho substituents interfere with 
one another in coplanar positions and are comfortable only in 
non-planar positions. Complete rotation is, therefore, 
prevented and optical resolution becomes possible. However, in 
fukugetin and the members belonging to GB-series, the optical 
activity may either be due to the asymmetric centre (C^) alone 
or to both the asymmetric centre and restricted rotation. 
A large number of optically active biflavanoids have 
been reported. The details are given in Table-l. 
J8 
TABLr - 1 
t^Dtical ly a c t i v e b i f l a v a n o i d s 
B i f l avano ids r -,a,b,c,d,e 
'-"•'D(Pyridine) oource 
1. Amentoflavone (la) 
2. Amentoflavone (la) 
3. Cupressuflavone (Vila) 
4. I-7,II-7-Di-0-methyl-
Cupressuflavone (Vlld) 
5. I-7,II-7-Di-0-methyl-
Cupressuflavone (Vlld) 
6. I-4',II-4',I-7,II-7-Tetra-
0-methyl cupressuflavone 
(Vllg) 
7. 1-4',11-4',1-7,Il~7-Tetra-
0-methyl amentoflavone (lo) 
8. Kayaflavone (II) 
9. Fukugetin (Xlla) 
10. Podocarpusflavone-A (le) 
11. II-4'jI-7-Di-O-methyl-
agathisflavone (Vllld) 
12. I-7-O-Methylagathisflavone 
(Vlllb) 
13. I-7,II-7-Di-C-methyl-
agathisflavone (VIIIc) 
14. Xanthochymusside (XXXI) 
15. II-7-O-Methylamentoflavone 
(Id) 
16. I-4',II-7-Di-0-methyl-
amentoflavone (li) 
+9" 
+100^ 
+63^ 
+37.5 
+6C 
+3C' 
+4r 
+ 18 
+ 170^ 
-55^ 
-50'' 
-12.5 
-40^ 
+18.2 
Podocarous aracillior 
Thu.ja onentalis*" 
Cupressus sempervirens 
Araucaria cunninnhamii 
30 
50 
'85 
. • , ••36a.36b Araucaria cookii ' 
Araucaria cookii' 57a 
Araucaria cookii ^ 
Araucaria cookii ^ 
jarcinia soicata 56 
30 Podocarpus aracillior 
Aqathis p almerstoni i' 
Aqathis palmerstonii 
46 
Araucaria bidwilli 
oarcinia xanthochymus 
37b 
83 
Araucaria cunninnhamii 85 
+22.7 Araucaria cunninqhamii 32 
a = 40' b = 34 o c = 29 25^ and e = 20 
.i9 
structure Determination of Biflavanoids 
The problem of structure determination of biflavanoids 
is a complex onebecause of (a) occurrence of more than one 
biflavanoid in chromatographically homogeneous fractions with 
the consequent difficulty in their isolation in pure form, 
(b) insolubility in usual organic solvents, (c) the difficulty 
in exact location of 0-methyl in partially methylated derivatives 
of biflavanoids, and (d) the intricate problem of establishing 
the interflavanoid linkage. 
The various methods, generally used for structure 
determination are as colour reaction , degradation ' * , 
physical methods and syntheses. Although colour reaction and 
classical degradation procedures still continued to be utilized 
for the determination of structure but their importance began to 
decline with the advent of modern spectroscopic methods. 
The physical methods and syntheses play the key role 
for complete structure determination of biflavanoids. 
Physical Methods 
In the identification and structural analysis of plant 
pigments chromatography ", UV , IR *^ , NMR spectroscopy and 
mass spectrometry are generally used. Among these methods nuclear 
magnetic resonance spectroscopy and mass spectrometry provide 
1^ 
excellent aids in the hand of Organic Chemist for the elucidation 
of structure of even minor compounds and these will be described 
in detail. 
Nuclear Magnetic Resonance (NMR) Spectroscopy 
Since flavanoid compounds contain, in general, very few 
protons nuclear magnetic resonance spectroscopy is a useful tool 
in the structural elucidation of this class of compounds. By the 
92 
use of NMR studies of silyl derivatives , double irradiation 
technique^^^, solvent induced shift studies^^^'^^*^'', lanthanide 
induced shift studies (LIS) and C-NMR spectroscopy , one can 
come to the structure of flavanoids without tedious and time 
consuming chemical degradation and syntheses. 
The valuable contribution in this field have been made 
by Batterham and Highet^^, Mabry^^'^'^, Massicot^®, Clark-Lewis^^, 
2Q 94 3A ?7 
Kawano ''•^ ^ and Pelter and Rahman » . The most commonly 
occurring hydroxylation pattern in natural flavanoids is 4*,5,7-
trihydroxy system (XXXIII). 
OH 
41 
The chemical shifts of protons of ring A and B prove to 
be independent of each other, but are affected by the nature of 
ring C (XXXIII). The peaks arising from ring A in most flava-
noids occur upfield from the other peaks, and are readily recog-
nized. The examination of an unfamiliar spectrum will commonly 
start by the recognition of these peaks, which will often allow 
the nature of ring A and C, and the class of compound, in hand, 
to be inferred. The remaining peaks in the aromatic region will 
reveal the pattern of oxygen substitution of ring B, and confirm 
the nature of ring C, The two A-ring protons of flavanoids with 
97 the 5,7-hydroxylation pattern give rise to two doublets 
^^meta ~ ^'^ ^^^ between T 3.3-4.0 from tetramethylsilane (TMS). 
These are, however, small but predictable variations in the 
chemical shifts of the C-6 and C-8 proton signals depending upon 
the 5- and 7-substituents. 
In flavanone, the 6,8-protons give a single peak near 
T 4,05; with the addition of a-3-hydroxy group (flavanonols) the 
chemical shifts of these protons are slightly altered and the 
pattern changes to a very strongly coupled pair of doublets. The 
presence of double bond in ring C of flavone and flavonols causes 
a marked downfield shift of these peaks, again producing the two 
doublet pattern (T 3.3-4.0, J^g^g = ^ '^ ^^^' °"* °^ ^ ^"^ ®'" 
protons, the latter appears downfield. 
* 9 
All B-ring protons appear around T 2.3-3.3, a region 
separate from the usual A-ring protons. The signals from the 
aromatic protons of an unsubstituted B-ring in a flavanone appear 
as a broad peak, centered at about Y 2.55. In flavones, the 
presence of the C ring double bond causes a shifts of the 2',6'-
protons and the spectrum shows two broad peaks, one centered at 
r 2,00 (2',6*) and the other at T 2.4 (3*,4',5')^^. 
With the introduction of a 4'-hydroxyl group, the 
B ring protons appear effectively as a four peak pattern. Such 
type of pattern is called A2B2 pattern. Introduction of one more 
96 
substituent to ring B gives the normal ABC pattern . The hydroxyl 
group increases the shielding on the adjacent 3',5'-protons and 
their peaks move substantially upfield. The 2',6'-protons of 
flavanones give signals centered at about Y 2.65. Introduction 
of 2,3-double bond (flavones and flavonols) again causes these 
protons to resonate at much lower field (Y'2.CK)). 
In the spectra of flavones and isoflavones of normal 
structure, the olefinic protons give rise to signals near ^  3.2 
andf 1.7, respectively. The position of these olefinic peaks 
depends upon the substitution of rings A and B, the electron 
donating groups causing upfield shifts and electron withdrawing 
groups causing downfield shifts. 
43 
The spectra of flavanones (saturated heterocyclic ring) 
contain typical ABX multiplets arising from the C-2 proton and 
the two C-3 protons. The C-2 proton is split by the C-3 protons 
into quartet (J^^^ = 5 Hz, J^rans = ^^ "^' double doublet) and 
occurs near T 4.5, the precise position depending on the substi-
tution of ring B. The two C-3 protons occur as two quartets 
"^^ H-Sa'H 3b ~ ^^ Hz)atT7.0. However, they often appear as two 
doublets, since two signals of each quartet are of low intensity. 
The C-2 proton in dihydroflavonols appears near Y" 5.1 as a doublet 
(J = 11 Hz) coupled to the C-3 protons which comes at about 
T 5 . 8 ^ ® as doublet. 
The proton of 5-OH group next to a 4-carbonyl group in 
a flavanoid gives rise to a sharp signal at very low field 
( T 3 . 0 0 ) , consistent with the strong hydrogen bonding between the 
two groups. The introduction of a 3-hydroxyl group which will 
apparently reduce the hydrogen bonding, causes an upfield shift 
of this peak, while others which increase the hydrogen bonding, 
such as the opening of the flavanone to chalcone cause a down-
field shift. Thus the position of 5-hydroxyl peak depends mainly 
upon the nature of ring C. Signals from the 3- and 7-hydroxy 
protons were observed, but the peaks were so broadened by rapid 
exchange that they merged into the base line. 
Methylation of a hydroxyl group commonly produces an 
upfield shift (T 0.2 ppm) of the signals of ortho protons with 
a 
a some what smaller effect on those of para protons and a little 
or no effect on the meta protons. Acetylation of the hydroxyl 
group, as expected, causes downfield shifts of the ring protons. 
NMR Studies on Biflavanoids 
Certain useful information can be obtained by comparison 
of NMR spectra of biflavanoids with those of their corresponding 
monomers. Such a choice however, is compelling but by no means 
infallible in the structure elucidation of biflavanoids. Compa-
rison of the NMR spectra of methyl and acetyl derivatives of 
biflavanoid with those of biflavanoids of the same series as well 
as with those of biflavanoids of other series in which atleast one 
monoflavanoid unit is similarly constituted, is very helpful in 
assigning each and individual proton and the position of the 
methoxy groups. 
In biphenyl type biflavones such as cupressuflavone, 
amentoflavone, agathisflavone etc., the peak of the ring protons 
involved in interflavanoid linkage appear at somewhat lowerfield 
( "p 0.5 ppm) as compared with the peaks of the same protons in 
monomer due to extended conjugation. 
It has been observed , both in biphenyl as well as in 
biphenyl ether type biflavanoids that the 5-methoxy group of an 
8-llnked monoflavanoid units in a biflavanoid shows up below 
T 6.CX) in deuterochloroform in all the cases examined so far 
'l3 
(Table II). This observation may be explained on the basis of 
extended conjugation. 5-Methoxy group of an 8-linked monoflava-
noid unit in biflavanoids of BGH-series, WGH-series and GB-series 
does not show up below "T 6.00 as the linkage is through hetero-
cyclic ring. 
Table - II 
Methoxy protons shifts ( Y values) of fully methylated biflavanoids 
Biflavanoids I-5-OMe Il-5-OMe 
Cupressuflavone [1-8, II-8] 
Amentoflavone [l-3', II-8] 
Agathisflavone [1-6, II-8] 
Hinokiflavone [l-4'-0-II-8] 
GB-I [1-3, I1-8] 
Fukugetin (morelloflavone) [1-3, II-8] 
5.85 
6.13 
6.41 
6.00 
above 
above 
5.85 
5.94 
5.95 
5.92 
6.04 
6.07 
Spectra run in CUCl^ at 100 MHz, IMS as internal standard =Y10.00 
The problem of interflavanoid linkage has successtully 
been solved by : 
(a) Solvent induced shift studies of methoxy resonances, 
(b) Lanthanide induced shift studies, and 
(c) "^^ C-NMR spectroscopy. 
'it) 
(a) Solvent Induced Shift Studies of Methoxy Resonances 
100 It has been observed by D.H, William and co-workers 
that the position and relative orientation of methoxy groups in 
methoxyflavones can be inferred from benzene-induced solvent 
shifts of the methoxy resonances. The methoxyls at C-5, C-7, 
C-2' and C-4' exhibit large positive A"V values ( A = g CDCI3 -
S C,H^ '^ 0.5-0.8 ppm) in the absence of methoxy or hydroxyl 
substituents ortho to these groups. This means that the aforesaid 
methoxy signals move upfield in benzene relative to deuterochloro-
form. The observation is consistent with the formal ability of 
all these methoxy groups to conjugate with the electron withdraw-
ing carbonyl group. This conjugation can lead to a decrease in 
u-electron density at oxygen atoms of methoxy groups in question, 
and so enhance an association with benzene at these electron-
defficient sites with a resultant increases shielding effect. The 
C-3 nethoxy resonances are in contrast deshielded or only slightly 
shielded ( ^  = -0.07 to +0.34) in benzene, suggesting that the 
C-3 methoxy group in general prefers conformation indicated in 
(XXXIV). In this conformation, phase independent associations of 
benzene with the carbonyl will have a deshielding influence on the 
C-3 methoxy group. Similarly a 5-methoxy group in presence of a 
6-substituent shows small positive or negative solvent shift in 
benzene because a 6-substituent should lead to a higher population 
of the conformer (XXXV). 
'i i 
(xxxrv) (XXXV) 
The methoxy groups lacking one ortho hydrogen (i.e., 
flanked by two ortho methoxy functions or one ortho hydroxy and 
ortho methoxy function) also show small positive or negative 
A value ( A — +0.13 to -0.12 ppm). The reason for the small 
positive or negative shifts is probably due to some combination 
of (i) Steric inhibition of benzene solvation of the central 
methoxy group, (ii) reduction in solvation of the central methoxy 
group (relative to anisole case) due to the presence of two ortho 
electron-donating substituents, and (iii) solvation of the outer 
methoxy groups, the stereochemistry of benzene association being 
such as to place the central methoxy group in a region of 
deshielding. It is emphasized that the steric factor can not be 
the major influence, since an electron withdrawing substituent 
ortho to a methoxy function increases the upfield shift which is 
observed in benzene * , 
In amentoflavone » cupressuflavone ^ and hinokiflavone 
[l-4«-0-II-8] methyl ethers, all the methoxy groups move upfield 
(^  50-60 cps) on change of solvent from deuterochloroform to 
benzene showing that every methoxy group has atleast one ortho 
proton and, therefore, a C-8 rather than a C-6 linkage is estab-
lished. 
In agathisflavone hexamethyl ether, on change of solvent 
from d,-chloroform to d^-benzene, only five of the six methoxy 
groups show large upfield shifts. One methoxy group was unique 
that upto ^O'A dilution with benzene no shift was seen and then a 
strong down field shift was evidenced. It was reasonable to assume 
that the methoxy group in question was the one at C-5 flanked by 
ring II-A on one side and a carbonyl group on the other 
Similarly in hinokiflavone [l-4'-0-II-6] only four methoxy group 
70 
move upfield 
Benzene induced shift have also been found useful in 
the biflavanoids of BGH-series and GB-series. All methoxy signals 
(T 6.08 - 6.36) in BGH-II and BGH-III methyl ethers move upfield. 
Similarly all methoxy signals in GB-1 heptamethyl ether showed 
positive shifts indicating (with the exception of the C-3 methoxy 
group in ring II-C) that each has atleast one free ortho-position. 
This evidence supports the C-3/C-8 linkage for the two series . 
49 
The benzene-induced solvent shifts ^ (6 00013/0^0^) 
can be enhanced by the addition of small quantity {3y. v/v) of 
trifluoroacetic acid (TFA) to the solution of the compound in 
benzene; apparently the protonation of certain groups enhances 
the benzene association at these sites. In flavone and other 
compounds this technique helps to distinguish between methoxy 
groups which can conjugate with the carbonyl group (XXXVI) and 
those which can not conjugate in the ground state (XXXVII). 
CH, - 0 - C = C 1. C i 0 < >- CH-.-0 = C - C = C - 0 
(XXXVI) 
CH-3 - *6 - C - C = 0 
«3 » 
(XXXVII) 
Therefore, the basicity of the methoxy groups not conjugated 
(XXXVII) with the carbonyl group is greater than those which are 
conjugated (XXXVI) and so the former will be expected to give 
more positive values of the TFA-addition shift [ A (C^H^/C^H^-
TFA)]^^. The TFA-induced solvent shift (A CDCI3/TFA) of a 
5-methoxy group has a relatively large negative value (-0.36 to 
-0,44 ppm), which distinguishes it from other methoxy groups, A 
possible explanation is the formation of hydrogen bond between 
;; 'J 
the p r o t o n a t e d carbonyl group and the oxygen atom of the 5-methoxy 
group (XXXVIII), The ca rbonyl group w i l l be p ro tona t ed to a much 
l a r g e r e x t e n t in TFA r e l a t i v e to a s o l u t i o n in benzene c o n t a i n i n g 
only 3'A TFA"^^. 
(XXXVIII) 
If a 5-methoxy group is flanked by a substituent like a methoxy 
group at C-6, its TFA-induced solvent shift is even greater than 
in the absence of such a group (-0.48 to 0.62 ppm). 
Limitation of solvent induced shift studies 
The following criteria have been laid down for an 
appropriate use of the method. 
1- The method should not be used directly for compounds contain-
ing phenolic groups. 
2- Even acetylation of the phenolic function does not completely 
overcome the difficulty. 
J! 
3- Only the fully methylated coaipounds aro safest to use but 
even then the results may be misleading if solvation of a 
separated site close to the methoxy groups being examined 
103 
occurs 
4- In U'GH-series, the il-3'-met'r.oxy group of ;JHG-II methyl ether 
appears at an exceptionally high position (T 6.56) in CDCl-,. 
This is suggestive of its being entirely internally solvated. 
A model of this biflavone shows that there are in fact 
certain positions in which that particular methoxy group can 
be solvated by a benzene ring of the other flavanoid unit, 
thus rendering it unique in being resistant to external 
solvation. On change of solvent from CDCl^ to C,H, all the 
^ 3 o 6 
methoxy groups were expected to move upfield by more than 
30 cps as each methoxy group has an ortho proton. The methoxy 
group in question (at T 6.56), however, moved very little. 
(b) Lanthanide Induced Shift Studies 
Lanthanide shift reagents (LSR) have been extensively 
used for the structural and conformational studies of organic 
natural products since last eight years ~ . The introduction 
of these reagents has greatly enhanced the power and versatility 
of UlMi spectroscopy. The addition of certain lanthanide complexes 
(shift reagents) to an NAU^  solution of a compound which possesses 
107 
an appropriate lone pair of electron causes the proton 
resonances to become spread out with the effect being greatest on 
resonances of hydrogens nearest the site of coordination. In many 
I 
Instances, with a sufficiently high concentration of the shift 
reagent, spectra become first order. 
These lanthanide induced shifts (LIS or ^ "^t ) are 
108 thought to be due primarily to pseudocontact interaction , and 
for any particular molecule at a given temperature are inversally 
proportional to the cube of the internuclear distance (r.) between 
the lanthanide metal ion and the proton under consideration 
(eqn. i)10^.i09. 
A>>i = - V (1) 
Equation (1) shows that the principal factor influencing the 
shift of a particular resonance in NAJR spectra, is the distance 
either bondwise or spatially separating the metal ion from the 
proton which is responsible for that peak. Thus the closer the 
proton to the metal ion in the shift reagent-substrate complex, 
the greater is the shift observed. 
A more complete form of equation (1) is eqn. (2) in 
which A>)t is the pseudocontact shift for the ith proton, & is 
the angle describing, the position of the proton relative to the 
assumed symmetry axis of the europium complex, r. is the Eu-H 
internuclear distance, and K is a constant. The angle term 
(3 Cos &-1) is positive for values from 0 to 54® and from 126 to 
180° and positive A^c (shift to lowerfield) is observed,however 
:ji 
when & has a value from 55 to 125° the angle term and A»c 
become negative (i.e. shifts to higher field are observed) 
A^l _ K(3CosV 1) (2) 
4 
The most commonly used complexes are tris-(2,2,6,6-
tetramethylheptane-3,5-dionato) europium (III), commonly abbre-
viated Eu(dpm)2 and tris-(2,2,6,6-tetraraethylheptane-3,5-
112 dionato) praseodymium (III), abbreviated Pr(dpm)2 • The two 
are complementary in that Eu(dpm)2 shifts proton resonances to 
lower field while Pr(dpm)2 shifts resonances to higher field. 
Eu(dpm)^, however, is mostly useful because t-butyl resonances 
of Pr(dpm)^ in the presence of substrate, occur in the 3-5 h 
range and can mask resonances of interest in some cases. Pr(dpm)^ 
is specially useful for the observation of the methyl groups in 
112 
steroids 
Rondeau and Sievers have reported that europium and 
Praseodymium complexes of l,l,l,2,2,3,3-heptafluoro-7,7-dimethyl-
4,6-octanedione (fod) are superior shift reagents for weak Lewis 
bases such as ethers and esters. Eu(fod)2 and Pr(fod)2 are also 
superior in terms of solubility (which can be a problem with the 
113 dpm analog) but require greater care in handling since they 
are extremely moisture sensitive. 
;J4 
114 Cockerill and Rackham has expressed the magnitude of 
(( " 
induced shift for a proton in terms of 3-value . It is the 
slope of straight line obtained by plotting the shift value(A» ) 
against the molar ratio of Eu(dpm)_ to a substrate. The spectra 
are determined at 8-10 different molar ratios to obtain each slope. 
The larger the S-value, the greater the particular proton is 
115 
shifted downfield by the shift reagent. It is suggested that 
the shift reagent exhibits its effect by establishment of a rapid 
(on the NMR time scale) equilibrium between a labile complex of 
Eu(dpm)^ with a Lewis base and unassociated solutes. This labile 
complex contributes very significantly to the observed shift 
through atleast two mechanisms, through bond and through space. 
The former is important when only two or three bonds separate 
hydrogen and europium. The later effect becomes dominant when 
four or more bonds are involved if close approach of europium and 
hydrogen is likely. In the case of poly-functional molecules, 
the observed paramagnetic shifts are sums of contributions due to 
magnetic interaction from metal association at each site. 
Kawano et al. have recently reported the use of 
Lanthanide shift reagent, EuCfod)^ for the structure elucidation 
of flavones and related compounds. 
Monoflavones : For apigenin trimethylether (XXXIX), 6-methoxy-
apigenin trimethyl ether (XL), quercetin pentamethyl ether (XLI) 
and myricetin hexamethyl ether (XLII), the magnitudes of lanthanide 
'Jd 
induced shifts are recorded in Table (III) in terms of 
' S-values". It follows that (a) methoxy group at C-5 position 
shows the largest shift (12.34 ^ ^ 18.88 ppm) meaning that 
complexation occurs mostly at neighbouring carbonyl group, (b) 
H-6 shows considerable shift (5.70^-^ 7.16 ppm) when compared 
with that of H-8(1.12 — 1.56 ppm), (c) H or OCH-j attached to 
side phenyl groups show the least shifts, and (d) H-3(-1.54, 
0.08 ppm) and OCH2-3(0.08, 0.92 ppm) show rather small shifts 
in comparison with those of 0CH2-6(5.16 ppm) and OCH2-7 
(1.02 ^ ^ 1.28 ppm) whose positions are at a distance from 
carbonyl group. It is noteworthy that the H-3 of compound (XL) 
shows an upfield shift (-1.54 ppm). 
OCK3 
OCH. 
H3CO 
OCH, 
OCH. 
(XXXIX), R = H 
(XL) R=oc^ 
(XLI ) R= H 
(XLlD R = OCH3 
:JH 
TABLE - III 
S-values of flavone compounds byEu(fod) 
Positions Compounds 
XXXIX XL XLI XLII 
3 
5 
6 
7 
8 
2 « , 6 ' 
3 ' ,5« 
4 ' 
0.08 
(13.34) 
6.32 
(1.12) 
1.56 
0 
-0.02 
(0) 
-1 .54 
(12.34) 
(5,16) 
(1.02) 
1.18 
-0 .50 
-0 .26 
(-0.18) 
(0.80) (0.92)* 
(14.08) (18.88) 
5.70 7,16 
(1.28) (1.14)* 
1.12 1.30 
0.46 0.46 
0.14,(0.12) (0.12) 
(0.04) (0.32) 
* 
Assignment is tentative. Parentheses show raethoxy proton 
shifts. Spectra were taken in CDCl^ solution using internal 
TMS. 
As described above, H-3 of the 6-methoxy apigenin 
trimethyl ether (XL) shows an upfield shift (-1,54 ppm in 
S-values, Table-Ill) in addition of Eu(fod)2 • However, this 
proton shows downfield shift (A Eu = 2.04 ppm) when Eu(dpm)3 
is used as a shift reagent (Table-IV) as reported recently by 
117 Kawano et al. This is the first example of a proton signal 
shifting in opposite directions due to different reagents, 
Eu(dpm)- and EuCfod)^ (2.04 and -1.50 ppm respectively). The 
presence of methoxy group at C-6 in the 5,7-dimethoxyflavone 
derivative seems to be an important factor in the phenomenon 
because the H-3 of 5,6,7,8,4'-pentamethoxyflavone (XLIIId) also 
shows similar shift values (1.79 and -1.99 ppm, Table-IV) to 
(XLIII) 
«1 ^^ 2 
(a) H H 
(b) OCH3 H 
(c) . H OCH3 
(d) OCH3 OCH3 
those of compound (XLIIIb) when Eu(dpm)3 °^ Eu(fod)3 are added. 
8-methoxyapigenintrimethyl ether (XLIIIc), however, shows similar 
\>% 
TABLE - IV 
Values of H-3 from TMS and A Eu values by shift reagents 
Compounds ppm EuCfod)^ Eu(dpm)-
4',5,7-Trimethoxyflavone (XLIIIa) 6.56 0.04 3.68 
4',5,6,7-pTetramethoxyflavone (XLIIIb) 6.59 -1.50 2.04 
4',5,7,8-Tetramethoxyflavone (XLIIIc) 6.60 -0.30 4,35 
5,6,7,8,4'-Pentamethoxyflavone(XLIIId) 6,60 -1,99 1.79 
shifts (little shift of -0,30 ppm) by EuCfod)^ and relatively 
large downfield shift of 4.35 ppm by Eu(dpra)3 ^° *'^ *^ °^ 
tri-o-methylapigenin (XLIIIa). 
Biflavones : The following seven fully methylated biflavones, 
20 
namely, hexa-0-methylamentoflavone (Ip) , hexa-0-methylrobusta-
flavone (XIa) , hexa-O-methylcupressuflavone (Vlli)^^, hexa-0-
50 
methylagathisflavone (Vlllh) , hepta-0-methylsaharanflavone 
(XIIIc)-'-^ , penta-0-methylhinokiflavone (XVIIIc)^^ and penta-0-
methyl [l-4'-0-II-8]-biapigenin (XLIV)^'' have been studied using 
Eu(fod)2 and their S-values are recorded in Table-V. 
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Table-V shows the S-values of every proton signal of these 
compounds obtained on addition of EuCfod)- which gives a 
straight line upto 1:1 molar ratio of reagent to substrate. 
Therefore, in these cases S-values are the same as A Eu values. 
The induced shifts show the same tendency as observed for four 
monoflavones in Table-Ill, although the effectiveness of the 
added EuCfod)- is halved owing to the presence of two flavone 
nuclei per molecule. However, MeO-5 and 5 showed different 
shift values except in the case of the symmetrical compound 
(Vlli), because the coordination of EuCfod)- to the two flavone 
nuclei is not even but is characteristic of the structure of 
each compound. For example, a large difference is observed 
between MeO-5 and -5" in the case of 3- or 6-linked compounds 
[(XIa), (Vlllh), (XIIIc) and (XVIIIi)] in comparison with 
compounds (Ip) and (XLIV). 
The result in Table-V may be summarized as follows : 
(a) The smallest S-value for H-6 or b" is still larger than 
the largest S-value for H-8 or 8". Thus it is not diffi-
cult to distinguish signals due to H-6 or 6 ' from those of 
H-8 or ^', 
(b) S-values of H-3 or -3 are so small that these protons are 
usually distinguishable from H-8 or -8' in the same flavone 
nucleus; and 
u.i 
(c) The smallest S-values are observed for phenyl protons, 
although H-3' and -5' of compound (XVIIIi) show a signifi-
cantly larger (2.00 ppm) than those of the other compounds 
because the phenyl group is attached to C-6 of the other 
flavone nucleus. 
This method is potentially very useful for the struc-
ture elucidation of new flavones. In the light of these results 
some of the reported assignments of hexa-O-methylagathisflavone 
(Vlllh) and hepta-0-methylsaharanflavone (Xllli) should be 
revised as shown in Table-VI, 
TABLE - VI 
Correction of reported proton assignments 
Compound h S-values Corrected Reported {^ ) 
Position Position 
Hexa-0-methyl- 6.51(s) 5.80 6^ 
agathis (Vlllh) 6.53(s) 0.28 3^ ' 
6.64 0.06 3 
Hepta-O-methyl- 6.80 0.03 s'" 
saharan(XIIIc) ^f^^=^"^^ 0.50 8 
(d,J=3Hz) 
6.38 2.20 6 
(d,J=3Hz) 
6.51(s) -0.44 3 
6.39(s) 6.10 6 
// 
// 
6.68 -0.30 3',5' 
(d,J=9Hz) 
3 or 3" 
3" or 3 
6" 
3 ' , 5 ' 
6 
8 
6 
// 3 
5" 
(3.49) 
(3.47) 
(3-36) 
(3.20) 
(3.44) 
(3.62) 
(3.49) 
(3.61) 
(3.32) 
64 
The corrected assignments of hexa-0-methylagathisflavone (Vlllh) 
have been confirmed by nuclear overhauser effect studies. 
The trideuteriomethylation of a new biflavone followed 
by estimation of S-values and comparison with those of known 
biflavone methyl ethers should be good method for assigning the 
Oil— 
methoxy position. In hinokiflavone or ochnaflavone , S-values 
are necessary for determining the methoxy position because the 
methoxy signals are very close to each other. 
By examining the methoxy and acetoxy shifts certain 
useful correlation emerge but they should be used only as the 
supporting evidence. It is only by looking at the full series 
(parent, fully methylated and acetylated derivatives) and compar-
ing multiplicities and chemical shifts of the aromatic protons 
that safe assignments can be made. 
Aromatic protons are completely selfconsistent in 
cupressuflavone, amentoflavone, agathisflavone (Assumed values 
of ring II-B protons) and hinokiflavone series. The protons of 
36a,37a,b 
ring I-B appears consistently lower than those of ring II-B 
The protons II-8 in hinokiflavone [l-4'-0-II-6] methyl 
ether and at 1-8 in agathisflavone [1-6,11-8] methyl ether appear 
at exceptionally low field, T 2.95 and T 3.09, respectively. 
This may be diagnostic of H-8 of a 6-substituted ring in biflava-
noid methyl ether both of biphenyl- and biphenyl ether types. 
The methoxyl at C-5 (ring I-A) of agathisflavone 
methyl ether ( T 6.41) and one methoxyl in chalcone-flavone 
corresponding to BGH-III methyl ether (T6.80) and WGH-II 
methyl ether (^6.56) show up at exceptionally higher field 
than the other methoxy groups. This internal shielding effect 
is also evident in the case of chalcones BGH-III heptaacetate 
and BGH-II octaacetate in which the protons of one acetoxy 
group appear at T 8.08 where as those of other at v 7.26-7.80. 
The dependency of H-6 of II-A upon its mode of bonding 
with the other half of the biflavanoid has been observed : 
Biflavanoid 
methyl ether 
H-6(Ring II-A) Cg(Ring II-A) bonded to 
BGH-III 
BGH-II 
WGH-III 
WGH-II 
Cupressuflavone 
Amentoflavone 
Agathisflavone 
T 3.82 
T 3.74 
T 3.55 
T 3.49 
^ 3.41,3.42 
T 3.38 
T 3.36 
reduced heterocyclic ring 
reduced heterocyclic ring 
heterocyclic ring 
heterocyclic ring 
aromatic ring I-A 
aromatic ring I-B 
aromatic ring I-A 
uri 
1 q 
(c) C-NMR spectroscopy 
The carbon skeletons of organic molecules are of 
central interest in organic chemistry. For this reason, carbon 
is potentially the most informative NMR probe for the study of 
organic compounds. The variation in carbon shieldings in 
neutral organic compounds is approximately 20-fold greater than 
that of protons. A number of cations have been investigated 
recently and shown to absorb upto "-^  335 ppm downfield from TMS 
while carbon tetraiodide absorbs ^^ 290 ppm upfield from TMS. 
13 Thus the total range of C shieldings is more than 600 ppm. The 
positions of individual spectral bands can readily be measured 
with a precision of better than 0.1 ppm. The main difficulty 
13 in C-NMR is the low natural abundance of carbon-13 nucleus, 
the only magnetic isotope of carbon, is not more than 1.108?i. 
13 1 
Moreover, C is a much less sensitive NMR probe than H at the 
same magnetic field strength due to its nuclear properties. The 
sensitivity of NMR spectroscopy was improved significantly by 
Pulse Fourier transform technique (PFT) in combination with 
decoupling methods such as proton broad band and off-resonance 
decoupling. This is the most economical and efficient method of 
13 
sensitivity enhancement in C-NMR of organic molecules, 
13 One great advantage of C-NMR spectroscopy has been 
in the structure elucidation of naturally occurring compounds, 
namely flavanoids and biflavanoids. 
b< 
H-NMR spectroscopy involving shifts of methoxyl 
signals in the spectrum of the permethyl ether, upon the progre-
ssive addition of deuterobenzene , has been used for the 
determination^''^*^^ of interflavanoid linkage. The shift of the 
signal occurs if one position ortho- to a given methoxy group is 
unsubstituted. Though applied successfully in many cases, this 
method is restricted in its applicability. Thus in the case of 
hepta-0-methylsaharanflavone , one methoxy signal does not 
shift at all on the addition of deuterobenzene, supporting a 
[1-3,11-6] linked structure, in spite of the fact that a [1-3, 
II-8] linkage was later confirmed by synthesis. The use of 
lanthanide induced shift reagent EuCfod)^ helped to differentiate 
the signals due to H-3, H-6 and H-8 in 5,7-dimethoxyflavones 
40,118 
and this has been extended to the biflavanoid permethyl ethers 
However, since both flavanoid moieties are complexed, different 
shifts may result from the same substituent on each nucleus. 
Hence a method of wider applicability is necessary for an 
unambiguous determination of the interflavanoid linkage in such 
13 
compounds. The assignment of the signals in the C-NMR spectra 
of oxygenated biflavanoids was achieved on the basis of off-
resonance and proton coupled spectra and by analogy with publi-
cs 119 
shed values * for the monomeric compounds. As a consequence 
therefore, this method has potential also for the location of 
methoxyl substitution directly in a naturally occurring methyla-
ted biflavanoids. 
G'j 
Linkages involving ring A : The signals for C-6 and C-8 in the 
13 
C-NMR spectra of monomeric flavanones, flavones and flavonols 
with a 5,7-dihydroxy substitution can be unambiguously differen-
tiated by consideration of their multiplicities in proton coupled 
spectra and by specific proton decoupling. The resonances for 
119 C-6 and C-8 carbon atoms of such compounds were found between 
90.0 ppm to 100.0 ppm. The signal for C-6 is always found to be 
at lower fields than C-8 in a variety of 5,7-dihydroxy compounds. 
This difference is small (Ca. 0.9 ppm) in the flavanones and larger 
(Ca, 4.8 ppm) in flavones and flavonols. The signal for C-8 
appeared downfield relative to that of C-6 and the assignment was 
118 
confirmed by specific deuteration at C-8 . The alkly or aryl 
substitution on an aromatic nucleus should not essentially alter 
120 (+ 0.5 ppm) the chemical shift of the meta-carbon atoms . This 
is well exemplified by a comparison of the spectrum of pinocembrin 
(5,7-dihydroxylflavanones) with that of its 6-C methyl and 8-C 
methyl derivatives, as well as that of luteolin (5,7,3',4'-tetra-
hydroxyflavone) and its 8-C benzyl derivatives. 
TABLE - VII 
Chemical shifts (ppm, TMS=0) of C-6 and C-8 in some 5,7-dihydroxy-
flavones. 
Compounds C-6 C-8 
5,7-dihydroxyflavanone (pinocembrin) 
6-C-Methylpinocembrin 
8-C-Methylpinocembrin 
3',4',5,7-Tetrahydroxyflavone (luteolin) 
8-C-Benzylluteolin 
6-Hydroxyluteolin 
96 .1 
102.1 
95.7 
99.2 
98.6 
140.4 
95.1 
94.7 
101.9 
94.2 
103.8 
93.6 
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In all these compounds, the signals for the quaternary 
C-substituted carbon atom shifts by 6.0 to 9.6 ppm dovmfield 
whereas the signal for the unsubstituted carbon is not markedly 
altered. Even a C-6 hydroxyl substitution, as in 6-hydroxy-
luteolin only slightly alters the position of the signal for C-8 
compared with that of luteolin. 
In the spectrum of cupressuflavone [l-8,II-8 biapigenin] 
there are only thirteen resonances present due to high symmetry of 
the molecule. The signal for 1-6 and II-6 appears at 99.0 ppm 
whereas the signal for 1-8 and II-8 shifts downfield (relative to 
apigenin) to 98.7 ppm, due to substitution effect of the inter-
flavanoid linkage. These assignments were confirmed by the proton 
13 
coupled C-NMR spectrum. Methylation of both 1-7 and II-7 
hydroxyl groups in cupressuflavone shifts the signal for 1-6 and 
II-6 upfield to 95.6 ppm whereas the 1-8 and II-8 signal moves 
downfield to 99.1 ppm. Again confirmation was achieved by taking 
the proton coupled spectrum in which the signal at 99.1 ppm 
exhibited at "Olj. interaction with 1-6 hydrogen atom. In the 
hexa-0-methyl ether of cupressuflavone, the signal for both 1-8 
and II-8 appears downfield relative to that of apigenin-tri-0-
methyl ether, at 101.2 ppm whereas 1-6 and 11-6 are not appreci-
ably shifted. 
The spectrum of agathisflavone [l-6,II-8 biapigenin] 
shows eight distinct resonances in the region 93.0 ppm to 104.0 ppm. 
The signals for the unsubstituted carbon atoms 1-8 and II-6 
appear at the expected values 93.7 ppm and 98.9 ppm respectively 
while 1-6 and II-8 had their resonances at 103.6 ppm and 99.4 ppm. 
The downfield shifts experienced by the latter two carbon atoms 
of 4.7 ppm to 5.7 ppm are due to the substitution effect of the 
interflavanoid linkage. The other four signals between 102.8 ppm 
and 104.0 ppm can be assigned to the carbon atoms 1-3,11-3,1-10 
and 11-10 respectively. There are seven signals in the region 
94.0 ppm to 104.0 ppm in the spectrum of rhusflavone (naringenin 
1-6,11-8 apigenin). They can be assigned by analogy with agathis-
flavone it-self and the published values for naringenin. Thus the 
carbon atoms 11-6 and 11-8 of rhusflavone and agathisflavone had 
almost identical chemical shifts values 98.8 ppm and 99.5 ppm for 
the respective carbon atoms. The carbon atom 1-6 resonated at 
100.3 ppm. The difference in the level of oxidation of the two 
C rings in rhusflavone is clearly reflected in two well separated 
carbonyl resonances for 1-4 (196.5 ppm) and II-4 (182.3 ppm) 
13 This,thus demonstrates the potential of C-NMR spectroscopy when 
one is dealing with biflavanoids with differing oxidation levels 
in the C rings. The spectral region 93.0 ppm to 103.0 ppm, in the 
spectrum of rhusflavanone [1-6,11-8 binaringenin], comprises six 
resonances. The methine carbon lines for 1-8 and II-6 appear as 
expected at 94.6 ppm and 95o7 ppm respectively. The signals at 
101«2 ppm and 100.3 ppm can be assigned to 1-^ 6 and II-8 and those 
at 101.8 ppm and 102.2 ppm to I-IO and 11-10 carbon atoms. As in 
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the case of cupressuflavone, the spectrum of succedaneaflavanone 
showed only twelve signals due to the high symmetry of the mole-
cule and the coincidence of the signals for 1-5,11-5,1-9 and 11-9 
carbon atoms. The signal for 1-6 and II-6 appears at 101,1 ppra 
whereas the unsubstituted 1-8 and II-8 carbon atoms resonate at 
94,7 ppm. The signal at 101.9 ppm for two quaternary carbon 
atoms can be assigned only to the I-IO and 11-10 atoms in succeda-
neaf lavanone. The signals at 101.1 ppm and 101.9 ppm were diffe-
rentiated by the fact that the signal intensity of the latter was 
much greater than that of the former, reflecting different 
relaxation behaviour. The assignment of the signals for 1-2,11-2, 
1-3,11-3, and the carbon atoms of the ring I-B and II-B in all the 
above compounds were made by analogy with apigenin, its methyl 
ethers and naringenin. 
Linkages involving rings A and B : The three methin carbon atoms 
11-8,1-6 and 1-8 of robustaflavone [l-3*,II-6 biapigenin] can be 
easily assigned to the signals at 93.9 ppra, 99.0 ppm and 94.0 ppm 
respectively. The signals for II-6 carbon atom appears at 103.5 
ppm. The spectral interval 116.0 ppm to 131.0 ppm consist of 
eight resonances of the carbon atoms of the two B rings. This is 
almost identical with the same spectral region of amentoflavone 
[I-3',II-8 biapigenin], and signals can be easily assigned on the 
basis of shifts expected for aryl substitution at 1-3' and the 
off-resonance spectrum. The signals for the three carbon atoms 
I rf 
1-6,1-8 and II-6 in the spectrum of amentoflavone can also be 
readily identified to be at 98.9 ppm, 94.2 ppm and 99.1 ppm, 
respectively. The II-8 resonance appears at 104.1 ppm and is 
5.6 ppm more downfield as compared with the postion of the same 
signal in cupressuflavone. 
Linkages involving 1-3 : The study of the spectrum of volkensi-
flavone [naringenin 1-3,11-8 apigenin] showed twenty two resonances 
at 1CX)°C with coincidence of the signals for 1-5,1-9 and II-2 (at 
163.7 ppm), I-I',I-2',II-2',I-6' and II-6' (at 128.1 ppm); II-3' 
and II-5' (at 115.9 ppm) and 1-3' and 1-5' (at 114.6 ppm). The 
resonances for 1-2 and 1-3 appeared at 81.4 ppm and 48,2 ppm 
respectively and are 3.0 ppm and 6.2 ppm downfield of the corres-
ponding ones of naringenin. These shifts are due to the p- and a-
substituent effect of the 8-apigeninyl moiety at the carbon atom 
1-3. The resonances for 1-6 and 1-8 appear at 96.4 ppm and 95.3 
ppm whereas those of II-6 and II-8 appear at 98.5 ppm and 100.6 
ppm respectively. As it is expected that the two carbonyl 
resonances at 196.0 ppm (1-4) and 181.6 ppm (II-4) reflect the 
respective levels of oxidation of the two C rings. The presence 
of conformational equilibrium, due to inhibition of free rotation 
about the C-C bond in the interflavanoid linkage, in volkensifla-
vone was demonstrated by running the spectrum at 35°C. Two signals 
of differing intensity for each of the carbon atoms 1-2(81.3 ppm 
and 82.4 ppm) and 1-3(48.7 ppm and 47.9 ppm) are present in the 
n 
spectrum. In addition, several carbon resonances were consider-
ably broadened. 
Location of methoxyl groups : The position of the methoxy subs-
tituent in a biflavanoid can not be determined on the basis of 
the chemical shift of the methoxyl carbon as the variation is too 
small to be of diagnostic value. However, steric crowding as in 
the case of 5,6,7-tri-O-methyl compounds does cause a downfield 
shift of the methoxyl carbons by Ca 6.0 ppm, whereas in a 
5-hydroxy-6,7-dimethoxy derivative, the shift is only of the order 
of 3.0 ppm. The downfield shift of the signal for the carbon, 
bearing the hydroxyl group, on methylation is also variable. 
However, the upfield shift of the signal for the ortho carbon 
atoms is more reliable diagnostically, thus enabling an indirect 
119 determination of the site of 0-methylation 
In conclusion, it is apparent that more inspection of 
the chemical shift values in the spectral region 90.0 ppm to 
13 
105.0 ppm, in C-NMR spectrum of a new biflavanoid being isola-
ted, can give a good indication of the linkage position if ring 
A is involved in a C-C linkage. This may be additionally 
confirmed by a normal off-resonance spectrum. 
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Mass Spectrometry 
The mass spectra of a wide variety of organic natural 
products have been studied only during last few years. The 
introduction of inlet system suitable for volatilization of high 
molecular weight (M"^ , 3CX)-1200) organic materials has greatly 
increased the utility of mass spectrometry. Generally the frag-
mentation is related to the structure of the intact molecule. 
Electron impact mass spectrometry of both flavanoid aglycone and 
glycosides serves as a valuable aid in determining their struc-
tures, especially when only very small quantities (i.e. less th 
1 mg) of the compounds are available. It has been applied 
successfully to all classes of flavanoid aglycones and recently 
to a number of different types of glycosides. 
Flavones; The most flavanoidsyield intense peaks for the mole-
cular ion (M"*") and indeed this is often the base peak. In addi-
tion to the molecular ion, flavanoids usually afford major peaks 
for [M-H]"*" and, when methoxylated, [A^CH-]^. Perhaps the most 
useful fragmentations in terms of flavanoid identification are 
those which involve cleavage of intact A- and B-ring fragments. 
121 In a recent paper Kingston has discussed the mass spectra of 
a large number of flavones, flavonols and their ether derivatives. 
He has summarized the manner in which monoflavones fragment as 
follows : 
(a) Flavones with fewer than four hydroxy groups do not readily 
fragment, a consequence of the stability of their molecular 
ion. 
(b) Flavones with fewer than four hydroxy groups tend to undergo 
decomposition predominantly by way of the retro-Diels-Alder 
(RDA) process * . This and other cowmon fragmentation 
122 
processes are shown in (Chart - 1) using apigenin (XXXIII) 
as a typical example. 
(c) An (M-l) ion is often found in the mass spectra of 
flavones, its origin is, however, obscure. 
(d) The presence of ion (c) (Chart - l), frequently more 
intense when a 3-hydroxy group is present, is attributed 
to the alternative mode of retero-Diels-Alder fragmentation 
also depicted in Chart - 1. 
(e) Doubly charged ions are frequently present. 
(f) When heavily substituted with hydroxyls and methoxyls, the 
flavone tends to fragment in a less predictable manner, 
retro-Diels-Alder process becomes insignificant and the 
spectrum is dominated by the molecular ion and ions at 
M-15, M-28 and M-43-^ ^^ '-'^ '^*. 
i i 
HO 
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OH O 
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(XXXI I I ) 
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Flavanones : Flavanones typically fragment by the RDA reaction 
(path-A and path-B) and yield same ions from path-A as observed 
for flavones. However, the most important B-ring ion from path-A 
123 
contains an ethylene group . The fragmentation patterns are 
given in (Chart - 2). 
Path-A 
HC-CH2 
Path-B 
(CHART-2) 
Cf-" ^ 
•o. 
^ \ 
HC=CH 
As with all types of flavanoids, the intensities of 
the A- and B-ring fragments from flavanones depend upon the 
substitution patterns of the two rings. Thus, the base peak 
7.9 
+ + 
for 4'-methoxyflavanone (Chart-3) is the B* ion while the A* and 
[A,+H] fragments have relative intensities of only 3.5 and SOj^  
respectively. In contrast, the most intense peak for 5,7-dime-
+ + 
thoxyflavanone is the A! ion while the Bl fragment has a relative 
123 intensity of only 6j< . Other ions from 4'-methoxyflavanone are 
derived by loss of a hydrogen radical to give the [M-H]"*" ion and 
loss of an aryl radical to produce the diagnostic [ffi-{B-ring)] 
r + OH . * 
M-CB-rfng) 
147(7^ 
m/e 108^10^ 
O 
M* 2 5 4 ( 4 3 ) 
[ ' ^ - I j 2 5 3 ( 3 0 ) 
n 
OCH^ 
I 
HC 
m / e 134(100) 
O 
;0 
fTi/e119(13) 
H 2 C - H C -
n^/e 91(12) 
C H A R T - 3 
GO 
fragment. Also, fission of the B-ring from the remainder of the 
molecular ion accompanied by a hydrogen transfer leads to a 
moderately intense B-ring ion at m/e 108. 
125 Biflavanoids : Seshadri and co-workers have made a more 
specific study of the mass spectral fragmentation of the 
permethyl ether derivatives of amentoflavone, cupressuflavone and 
hinokiflavone. The following fragmentation schemes (Charts 4,5,6) 
have been proposed to explain the appearance of some of the ions 
observed. Molecular ion is usually the base peak. As in the case 
of apigenin/its trimethyl ether, these compounds also undergo (i) 
fission of the C-C or C-O-C linkage between the aromatic residues, 
(ii) elimination of CO and CHO from the biphenyl ethers and (iii) 
rearrangement involving condensation between the phenyl rings. 
Steric factors seem to play an important role in influencing the 
breakdown mode and internal condensations. Formation of doubly 
charged ions is frequently observed. 
The mass spectra of amentoflavone hexamethyl ether and 
cupressuflavone hexamethyl ether are similar, molecular ion being 
the base peak in each case. Differences lies in the intensities 
of the corresponding peaks due to variation in substitution 
patterns and steric factors. The main peaks together with their 
intensities in the mass spectra of those compounds are given below. 
Amentoflavone hexamethyl ether (Ip) 
The mode of fragmentation is shown in Chart-4. 
0} 
Main peaks (m/e; intensity) : 622(100), 621(31), 607(33), 
5 9 2 ( 8 ) , 576 (10 ) , 3 1 2 ( 2 ) , 3 1 1 ( 5 ) , 2 4 5 ( 5 ) , 181 (2 ) , 180(3 ) , 135(16) , 
and 1 3 2 ( 3 ) . 
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O 6CH3 
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H3C(D ^ 
"^/e 245 (490T<5> 
^iz 
Cupressuf lavone hexamethyl e t h e r ( V l l i ) 
The mode of f ragmenta t ion i s given in C h a r t - 5 . 
Main peaks : 622(100) , 621(38) , 607(8 ) , 592 (18 ) , 5 7 6 ( 4 ) , 312(7 ) , 
311 (14 ) , 245 (11 ) , 135 (26 ) , and 132(14) . 
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Since cupressuflavone hexamethyl ether (Vlli) posses two apigenin 
units. It is to be expected that the doubly charged molecular ion 
(M"*"*") will be of considerable intensity with one positive charge 
located on one oxygen atom in each of the flavone units. However, 
the singly charged molecular ion (M ), m/e 622 appears as the 
base peak. This is similar to the behaviour of the simple 
biphenyls where the biphenyl bond is stable enough for the M ion 
to be the most intense one. 
The peaks at m/e 607 and 592 obviously arise by the loss 
of methyl groups. The peaks at m/e 576 has been assigned the 
structure B (Chart-4 and 5), a condensation product. Such a 
condensation product has been reported to be formed when amento-
flavone is heated with zinc dust . The reason for difference 
in intensities as such ions in the spectra of cupressuflavone 
hexamethyl ether {4'/.) and amentoflavone hexamethyl ether (lOji) is 
that the former is a symmetric type. This results in differences 
in the steric disposition of one flavone unit relative to the 
other, thus hindering or favouring condensation between the 
125 phenyl rings 
The ion at m/e 311 is due to both the doubly charged 
2^ 
difference in the intensities in the spectra of cupressuflavone 
ion (M ) and the apigenin trimethyl ether fragment {TT ). The 
hexamethyl ether {lA'/.) and amentoflavone hexamethyl ether (5j^ ) 
is due to variation in the oxygenation pattern of the biphenyl 
••4 
residues in the two compounds, which is responsible for diffe-
rences in the labile nature of the interapigeninyl bond. Another 
explanation would be that the removal of another electron from M 
is difficult in the case of (Ip). Thirdly, double RDA fission of 
molecular ion (Ip) may yield the fragment (c) m/e 310 {3'/.) which 
after accepting a hydrogen atom gives an ion (D) having m/e 311. 
A perplexing observation is the complete absence of the ketene 
ion (m/e 180) in the spectrum of cupressuflavone methyl ether and 
its feeble intensity (3^) in amentoflavone methyl ether. If the 
biphenyl linkage in both the cases breaks easily to give apigenin 
trimethyl ether units, it should be expected that the later would 
give the ketene in-considerable intensity. The observation that 
the ketene fragment is either absent or of only a feeble abundance 
may indicate that the breaking of biphenyl linkage is not a 
favourable process. It may, therefore, be surmised that the ions 
180, 135 and 132 originate directly from the molecular ion M or 
M"^"*" by RDA fission. 
Steric factor becomes so much dominant in agathisflavone 
48 hexamethyl ether . The ion at m/e 311 appears as base peak 
instead of the molecular ion, m/e 622 (90yC). The main peaks in 
its spectrum are : 
622(90), 607(54), 591(98), 573(24), 561(15), 521(12), 
497(24), 325(20), 311(100), 281(12), 245(22), and 135(65). 
Hn 
Hinokiglavone pentamethyl ether (XVIIIi) 
The mode of fragmentation of hinokiflavone pentamethyl 
ether (XVIIIi), whic):i contains a biphenyl ether system, is consi-
derably different from those of amentoflavone, cupressuflavone 
and agathisflavone hexamethyl ethers (Chart-6). 
Main peaks : 608(39), 607(12), 593(36), 580(4), 579(11), 578(11), 
576(6), 431(7), 327(23), 313(100), 312(22), 311(22), 304(2), 
297(29), 296(75), 281(22), 181(11), 180(3), 135(19) and 132(18). 
The base peak appears at m/e 313 and the molecular ion 
m/e 608 amounts to 39'A of this peak. This could be attributed to 
the easy rupture of biphenyl ether bridge followed by hydrogen 
transfer. The fission of the ether bridge can take place in two 
ways ; 
(i) by rout-1 giving the ion 297(29) and 311(22) and (ii) by 
route-2 yielding the ions 281(22) and 327(23). However, the 
observation that the 313 ion is most intense suggests that route-1 
is favoured, i.e. the bond between the oxygen bridge and the 
125 highly oxygenated phenyl ring breaks preferably . The ion at 
m/e 304(2) is obviously doubly charged molecular ion. In this 
case, the molecular ion can not split into two equal fragment 
having this m/e value. Further evidence for the doubly charged 
nature of this ion is provided by the appearance of the isotope 
peak at half a mass unit higher (304.5). Ions at m/e 593 and 578 
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OCH3O 
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arise by the loss of methyl groups, m/e 580 and m/e 579 by the 
loss of CO and CHO respectively and m/e 576 by internal condensa-
tion. The ions due to loss of CO and CHO are not found in the 
spectra of biphenyl type biflavones. These findings are of value 
in the study of new biflavones. 
Biflavanones : Jackson et al. * ~ have successfully applied 
mass spectrometry to elucidate the structure of biflavanoids of 
GB-series containing two flavanone units linked through [1-3,11-8], 
HO 
(XIV) 
(a) GB-1 ; R^= OH, R2= H 
(b) GB-la; R^= R^= H 
(c) GB-2 ; Rj^ = R2= OH 
(d) GB-2a; Rj^ = H, R2= OH 
: > : > 
All the features observed in the mass spectra of bif lavanoids of 
GB-series and t h e i r methyl e thers have analogies with s imi la r ly 
subs t i tu t ed mono-flavanones. The fragmentation pat tern of GB-1 
heptamethyl e ther i s shown below (Chart-7) . 
H3CO 
OCH. 
OCH3O 
( X l V f ) M* m/e 6 5 6 
OCK3 
OCH3O 
•^/e 476 
C H A R T - 7 
The mass spectrum of GB-1 (XlVf) heptamethyl ether 
showed the presence of ions at m/e 121, 154, 181, 312 and 476. 
The presence of ions at m/e 154 and 181, consistent with the 
fragments [C^ H3(0Me)20H]"*' and [C^H2(0Me)20HC0]"^ respectively, 
supported the presence of phloroglucionol ring system derived 
from a 5,7-dihydroxy flavanone system. An idea about the nature 
of linkage could also be derived since the fragmentation of 
molecular ion at m/e 656 can be rationalized by RDA reaction of 
flavanones first at ring C to give a fragment ion at m/e 476 
followed by a similar fragmentation at ring F to give an ion at 
m/e 312 (This two stage breakdown pattern is fully substantiated 
by the presence of metastable peaks). These results can only be 
accommodated by a linkage from the oxygen heterocyclic ring C to 
the phloroglucinol ring D. The presence of dimethyl phloroglu-
cinol ion at m/e 154 is probably of thermal origin. In fact, 
phloroglucinol is so readily lost from GB-series of biflavanoids 
that if the temperature of the ion chamber in the mass spectro-
meter much exceeds the minimum (^ ^ 220°) for evaporation of the 
sample, there is difficulty in detecting the molecular ion. The 
thermal instability of GB-1, was established by heating it in a 
tube at 280 and phloroglucinol was isolated and characterized 
from the pyrrolysis products. 
As suggested by Pelter , the at m/e 312 can not be due 
to the formation of apigenin trimethyl ether because fragmentation 
pattern below m/e 312 of GB-1 bears no resemblance to that of 
li} 
apigenin trimethyl ether. The ions, m/e 180 and 132, which could 
arise by RDA reaction of apigenin trimethyl ether, are entirely 
absent from the spectra of GB biflavanone methyl ether. 
Flavanone-flavone type biflavanoids 
• 55 59 
Venkataraman et al. , Jackson et al. and Vishwa-
nathan et al. have reported the mass spectral studies of [l-3, 
II-8] linked flavanone-flavone type of biflavanoids. These 
combine the characteristic fragmentation patterns of a flavanone 
and flavone. The fragmentation ions of talbotaflavone hexamethyl 
ether (Xllh) are shown in Chart-8. The mass spectral fragmen-
tation of morelloflavone (Xlla) heptamethyl ether are similar to 
those shown for talbotaflavone hexamethyl ether (Xllh) except for 
the increase of thirty mass units in the ions Chart-8, C (3><), 
D (10-/), E (2j<), F (46^) and G (22><) due to an extra methoxy 
group in the II-B ring. The intensities of other ions are A(32^), 
B(32^), H(13j<), and I(100j<). 
The mass spectral studies of the biflavanoids reveals 
that their fragmentation patterns depend not only on the consti-
tuent monomeric flavanoid unit but also on the nature and posi-
tion of interflavanoid linkage. While the cracking pattern of 
simpler flavanoids are less complex, in application of these 
concepts to biflavanoids, one has to take into consideration the 
influence of the additional structural and steric factors. 
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Synthesis of biflavanoids 
The synthetic approaches to the biflavones fall into 
four important categories. 
1. Coupling of two flavone nuclei by Ullmann reaction. 
2. Ullmann synthesis of biflavones via biphenyl and biphenyl 
ether precursors. 
3. Biogenetic type syntheses, 
4. Wesseley-Moser rearrangement. 
1. Ullmann coupling of flavones 
A number of biflavanoids with different interflavanoid 
linkages have been synthesized by the application of Ullmann 
127 128 
reaction. Nakazawa ' accomplished the synthesis of amento-
flavone hexamethyl ether by mixed Ullmann reaction between 
3'-iodo-4',5,7-tri-0-methylflavone (XLV) and 8-iodo-4',5,7-tri-O-
raethylflavone (XLVI). Cupressuflavone hexamethyl ether was 
obtained as a by product and was found identical with the one 
obtained from the natural sources. Seshadri et al. ^ have also 
synthesized cupressuflavone hexamethyl ether from 8-iodo-4',5,7-
tri-O-methylflavone (XLVI) under modified conditions of Ullmann 
reaction. Nakazawa has also been reported the synthesis of 
[l-4'-0-II-8] and [1-4'-0-11-6] linked hinokiflavone methyl ethers. 
The permethylated 3'-nitrobiflavanoids (L and LI), the key inter-
mediates were obtained by condensation of 3'-nitro-4•-iodo-5,7-di-0 
H^O H:,CO 
>-0CH3 ^S'^^y^ 
-h 
OCH, 
OCH3O 
OCH 
OCH. 
( Vlli ) 
methylflavone (XLVIl) and 8- and 6-hydroxy-4',5,7-tri-0-.methyl-
flavone (XLVIII) and (XLIX) in DMSO in the presence of K^CO-j. 
The nitro ethers were reduced by Na2S20^ in aqueous DMF, 
diazotized and decomposed with 50j< H^PO^ to give pentamethyl 
ethers of hinokiflavone (LII) and (XVIIIi). 
: i 
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2. Ullmann synthesis of biflavones via biphenyl and biphenyl 
ether precursors 
129 Mathai and co-workers first introduced this approach 
to the synthesis of biflavones in 1964. However, none of the 
130 biflavones prepared by them occurs naturally. Ahmad and Hazaq 
have successfully used this method and synthesized the hexamethyl 
(Vlli) and tetramethyl (Vllg) ethers of cupressuflavone as shown 
in Chart-9. This involves Ullmann coupling between two molecules 
of l-iodo-2,4,6-trimethoxy-benzene (LIII) to form a biphenyl 
system (LIV) as the first step. Subsequent Friedal Craft's 
acylation, partial demethylation and condensation with anisal-
dehyde leads to a bichalcone (LVI). The oxidative cyclization of 
the bichalcone by selinium dioxide (SeO^) gives cupressuflavone 
hexamethyl ether (Vlli), which is converted into cupressuflavone 
tetramethyl ether (Vllg) by partial demethylation, Agathisfla-
vone hexamethyl ether (Vlllh) and cupressuflavone hexamethyl 
ether (Vlli) have also been synthesized by Kawano et al. using 
the same method. From Friedal Craft's acylation of (LIV), two 
compounds (LV) and (LVI) could be isolated. Acylation of these 
compounds with p-anisoyl chloride, Baker-Venkataraman rearrange-
ment and ring closure give cupressuflavone hexamethyl ether 
(Vlli) and agathisflavone hexamethyl ether (Vlllh). 
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Kawano et al. have also synthesized ochnaflavone pentamethyl 
ether (XXe) using diphenyl ether dicarboxylic acid chloride 
(LVII) and 0-hydroxy phloroacetophenone dimethyl ether in the 
following way. 
\:H 
HXO 
-I-
O C K O ) H3 
H 3 C 0 . . ^ - ^ / 0 C C M : ^ _ ^ \ - O C H ^ 
( L V I I I ) O OCK3 
H3CO ^>-^^\-o. 
OChLO 
• ^ 
( X X 2 ) 
The alterative structure (LX) suggested for ochnaflavone methyl 
17 
ether is also synthesized in the same manner using the isomeric 
diphenyl ether dicarboxylic acid chloride (LIX). 
^d 
(LI X) 
OCK3 
(LX) 
3. Biogenetic type syntheses 
The considerable diversity of structural types can be 
derived from the oxidation of phenols with such reagent as ferric 
chloride and potassium ferricyanide. The mechanistic organic 
chemistry has lent such rigour to the interpretation of biosyn-
thetic processes that the oxidative utilization of phenolic 
substrates in biosynthetic pathway. At the same time, intensifi-r 
cation of interest in molecular biochemistry has directed the 
organic chemist towards the synthesis of natural products by 
procedures which stimulate certain steps of a proposed biosynthe-
tic pathway. This approach has attracted attention for many 
years but has only recently met sufficient success to be classi-
132 fied as biogenetic type synthesis . It has been experimentaly 
established in the phenol oxidation mechanism, the phenolate ion 
is oxidized, by an electron oxidant like ferric chloride or 
potassium ferricyanide, to a phenoxy radical. 
i.. J 
1^  
Ar6'+ [Fe(CN)^]^~ ^ ^ '^  Arc5 + Fe(CN)^~ 
The free electron in the phenoxy radical may be shown at various 
places by mesomeric effect. The free radicals are then coupled 
rapidly and irreversibly under kinetic control, by three of the 
many modes of dimerization theoretically possible, 
(i) Homolytic coupling. 
ArO* > (Ar0)2 
2 
(ii) Radical insertion. 
ArO'+ArO" —=^ ^ (ArO) 
(iii) Heterolytic coupling. 
ArO —=^ > ArO"*" 
ArO" + ArO"*" >• (ArO)2 
It is reasonable to assume that coupling occurs fastest at the 
positions of highest density of the free electron except where 
there is steric hindrance of approach. 
The oxidative coupling of free radical species has 
been suggested as being involved in the formation of parent 
biflavone with their various O-methyl ethers, which possess the 
apigeninmoiety as a common structural feature. The apigenin 
derived radicals (LXI) and (LXII) are shown below. 
1 
HO 
OH O 
OH O 
OH O 
OH O 
OH 
OH 
133 Molyneux and co-workers have investigated the 
oxidative coupling of apigenin using alkaline potassium ferri-
cyanide and isolated two biflavones, (LXIII) and (LXIV) with 
interflavone linkages [1-3,11-3] and [1-3,11-3'] respectively. 
i. .•: 
0>^^0H 
( LXlll) 
O OH 
(LXIV) 
The synthetic compounds (LXIII) and (LXIV) appear to arise 
presumably by appropriate spin-pairing of the mesomeric radical 
(LXI), although none of the symmetrical [l-3',II-3'] linked 
dimer, which might also be expected to be formed, could be isola-
ted. These observations are consistent with the findings of 
134 Kuhnle et al. who studied the electron spin resonance spectra 
of the flavanoid anion radicals (derived from polyhydroxy 
flavones and having a 5-hydroxy function) and concluded that the 
delocalization of an unpaired electron initially generated at 
the C-4' hydroxy group in apigenin occurs only in rinas B and C 
(LXI), Thus, in order to achieve an interflavone linkage to 
133 
ring A, Molyneux et al. believe that a radical initially 
generated at C-4* in apigenin and delocalized (LXI), attacks 
electrophilically the electron rich C-6 or C-8 position of the 
phloroglucinol ring of an intact apigenin molecule i.e. radical 
substitution occurs in preference to radical pairing. 
U J 
135 Seshadri et al. have recently carried out oxidative 
coupling of apigenin-4',7-dimethyl ether (LXV) with ferric 
chloride in boiling dioxane and isolated a dimer in 6'/. yield 
whose properties suggest that it is the C,-C, coupled biflavone 
(LXVI). 
H3CO OCH, 
H3CO 
OCH. 
(LXVI) 
135 
On the basis of these findings Seshadri and co-workers 
have suggested that when hydroxy groups are protected by methyla-
tion (leaving only the 5-OH group free), dimerization takes place 
through 6- or 8-position of the A rings. It is reasonable to 
expect that in nature adequate mechanisms are available for 
protecting the hydroxyl groups and bringing about the coupling 
through the positions in A ring. 
4. Wesseley-Moser rearrangement 
The Wesseley-Moser rearrangement which attended 
49b Seshadri's synthesis of hinokiflavone pentamethyl ether has 
50 been put to beneficial use by Pelter et al, for the synthesis 
50 
of agathisflavone hexamethyl ether. Pelter et al. treated 
(+)-cupressuflavone hexamethyl ether with hydroiodic acid in 
acetic anhydride at 130-140° for 8 hours (typical Wesseley-Moser 
conditions) after which time the reaction was worked UD and 
remethylated to give a mixture of (+)-agathisflavone hexamethyl 
ether and (+)-cupressuflavone hexamethyl ether in the ratio 3:2 
(w/w). This conversion constituted the first preparation of a 
member of the agathisflavone family. 
DISCUSSION 
4 
1: J 
A new acylated flavone glycoside from the leaves of Lycopodium 
clavatum Linn. (Lycopodiaceae) 
The genus Lycopodium (Lycopodiaceae), an evergreen 
herb, commonly knovm as Clubmoss, consists of about 100 species, 
occurring in the tropical and temperate regions of the world. 
About 32 species are recorded in India, some of them are epiphytic 
and some are ornamental. The genus is reported to contain fatty 
oils, a complex high polymeric carbohydrate (sporonin, ^gQ^A2^27^* 
sucrose, a protamine, hydrocaffeic acid, alkaloids, triterpenoids 
and amino acids . 
The plant Lycopodium clavatum Linn, is of great medi-
cinal importance being used for dermatic diseases, as a diuretic, 
demulcent, antispasmodic, as an emmenagogue, in rheumatism and in 
diseases of lung and kidneys^'^^'^^®. 
The present discussion is devoted to the isolation and 
characterization of a new compound, apigenin-4'-0-(2",6"-di-0-p~ 
coumaroyl)-p-D-glucoside (LXIX) from the leaf extracts of 
Lycopodium clavatum Linn. 
Leaves of Lycopodium clavatum Linn, were procured from 
Dow Hill (Kurseong), Darjeeling, India. The acetone extract of 
the leaves of Lycopodium clavatum Linn, was concentrated under 
diminished pressure to a dark viscous mass which was then 
A 
1 0 
digested successively with petroleum ether, benzene, chloroform 
and ethyl acetate. The colour reactions performed on the ethyl 
acetate fraction indicated the presence of flavanoids. Column 
chromatography and subsequent purification by preparative TLC 
using silica gel G (BDH) yielded the compound LCI. It was a 
hitherto unknown glycoside, LCI, m.p. 254 . UV absorption data 
and the spectral shifts upon addition of NaOAc and AlCl- indica-
ted the presence of free 7-OH and 5-OH in LCI. The acid hydro-
lysis of LCI in 10^ aqueous methanolic HCl yielded apigenin, 
p-coumaric acid and glucose as hydrolysis products. Glucose was 
identified by GLC of its TMS derivative and aglycones by their 
spectral studies. Treatment of LCI with methanolic sodium 
methoxide yielded two components LCIa and LCIb« The UV spectrum 
of LCIa in methanol showed two maxima, band I (270 nm) for 
benzoyl grouping and band II (311 nm) for cinnamoyl grouping. 
The bathochromic shifts of band I upon the addition of NaOAc and 
AlCl-, to the methanolic solution indicated the presence of 7-OH 
and 5-OH groups. The LCIa was methylated with NaH/CH^I in DMF"^ ^^  
to give a methyl ether (m/e 516 M"*"). The fragments m/e 298 and 
m/e 218 showed the presence of apigenin dimethyl ether and tetra-
0-methyl ether of glucose respectively. It was then hydrolysed 
with acid which yielded an aglycone and glucose. The UV spectrum 
of aglycone showed the absorption maxima(MeOH) at 264 and 324 nm. 
Upon the addition of NaOMe and AlCl^ to the methanolic solution, 
the only shift of band II (324 >• 375 nm) indicated the 
1 . J 
presence of free 4'-0H group. I t revealed tha t the glucose 
moiety was located a t 4'-OH group of apigenin. LCIa was thus 
assigned the s t ruc tu re as apigenin-4 ' -0-glucoside (LXVIIa). 
(LXVIIa), R = H 
(LXVIIb), R = Me 
The IR spectrum of LCIb showed bands at 3400 (OH), 
1675 (C=0) and 1620 (C=C) cm""'-. The mass spectral fragments 
of LCIb is given in Chart-10, The base peak at m/e 147 obtained 
from the molecular ion 178 (178-31) indicated that LCIb was a 
methyl ester. The NMR spectrum of LCIb showed a methoxyl signal 
i.. ; 
at h 3.83 and a phenolic hydroxyl proton at S 5.40 (broad). The 
doublets at S 6.33 and S 7.70 (J4.J.aJ^s = ^^ ^z) were assigned to 
H-o and H-p of the p-coumaroyl residue ((p - CH = CH - C - ) . The 
remaining protons formed an A^^o system. Therefore H-3,5 and 
H-2,6 gave rise to two doublets (J = 9 Hz) at S 6.89 and S 7.48 
respectively. On the basis of above the facts, the structure of 
LCIb was assigned as methyl-p-coumarate (LXVIII). 
O 
H O - / ^ _ V ^ 
(LXVIII) 
o 
H O - / / ^ C H - C H - c " ^ 
m/e 147(100) 
iv^ 
HO 
I" 
U 
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I 
T 1 
- / ' ' _^VcH= CH-C-OC H3 
HO '/ \^  
(LXVI I I ) 
M m/e 17Q (53 ) 
/o 
/ - C-OCH3 
VcHrrCH 0 - / VcH-CH 
Vz:/ 
nn/c119 ( 5 0 ) 
<-co 
CH-CH2 
nn/e 91 (52) 
C H A R T - 1 0 
1 U 
Considering the above facts, it was concluded that LCI 
was an acylated glycoside which contained apigenin-4'-0-glucoside 
linked with p-coumaric acid. 
HO - C 
II 
0 
- CH = CH-
LCI 
^/ \ OH 
Now LCI was methylated with NaH/CH3l in DMF-^ '*^  which 
provided a methyl ether, LCIM. The acid hydrolysis of LCIM 
yielded 5,7-dimethoxy-4'-hydroxyflavone. This indicated that 
the acyl residue was linked to glucose moiety. The mass 
spectrum of LCIM is given in (Fig. 4) and the mode of fragmenta-
tion is shown in Chart-11. 
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Main peaks : 808(1); 647(2); 511(8); 486(1); 350(4); 298(100); 
189(61); 187(19); 178(77); 161(145); 157(20); 155(25); 133(78); 
127(23); 111(88); 101(120); 89(54); 71(95); 45(62). 
The high molecular weight of LCIM, m/e 808 indicated 
the presence of two p-coumaroyl residues. The fragments m/e 298 
and m/e 178 showed the presence of 5,7-dimethoxy-4'-hydroxyflavone 
and methyl-0-p-coumaric acid respectively. The peak at m/e 511 
corresponding to tetra-0-methyl ether of coumaroyl glucosyl ion 
showed that the two p-coumaroyl residue were linked to the 
1 -4.81 
glucose unit 
Acetylation of LCI with acetic anhydride and pyridine 
gave and acetate LCIA, m.p. 231 . The mass spectrum of LCIA is 
given in (Fig. 5) and the mode of ragmentation is shown in 
(Chart-12). The main peaks are as 623(2); 581(1); 539(1); 500 
(1); 477(4); 458(3); 435(3); 416(6); 354(7); 342(6); 312(23); 
300(24); 270(100); 242(14); 241(13); 189(50); 163(30); 153(24); 
147(75); 119(25); 91(20). 
The fragments m/e 354, m/e 189 and m/e 163 showed the 
presence of 5,7-diacetoxy-4'-hydroxyflavone, p-acetoxyl-coumaroyl 
ion and glucosyl ion respectively. The other notable ions 
m/e 623, m/e 581 and m/e 539 were also indicative for the presence 
of two p-coumaroyl groups which were attached to glucose unit. 
The N.'vlK spectrum of LCIA is given in (Fig. 6) and the 
results of N/.iK studies of LCI and its acetate (LCIA) are given 
in Table-IX. 
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TABLE - IX 
Chemical shifts of protons of LCI and its acetate (LCIA) 
Assignment LCIA LCI 
H-6 
H-8 
H - 2 ' , 6 ' 
H-3',5' 1 
H-3 '" , 5 ' " , 3 " " , 5 " " J 
H-3 
H-2'" , 6 ' " , 2 " " , 6 " " 
H-7 ' 
H-7 '//< 
H - 8 " ' l 
H-8""J 
H - 1 " • 
H-2" 
H-3 , 4 
H-S" 
H - 6 " , 6 " 
} 
/// 
OH-5 
- O A c - 7 . , 4 ' , 4 ' 
- 0 A c - 3 " , 4 ' 
OAc-5 
6 . 8 8 ( d , l H , J = 2 H z ) 
7 . 2 9 ( r i , l H , J = 2 H z ) 
7 . 7 6 ( d , 2 H , J = 9 H 2 ) 
7 . 1 5 , 7 . 1 2 ( d , 6 H , 
J=9Hz) 
6 . 5 2 ( s , IH) 
7 . 5 6 ( d , 4 H , J = 9 H z ) 
7 . 7 6 ( d , l H , J = 1 6 H z ) 
7 . 7 1 ( d , l H , J = 1 6 H z ) 
6 . 3 9 ( d , 2 H , J = 1 6 H z ) 
5 . 0 8 - 5 . 6 5 ( m , 4H) 
4 . 1 1 ( m , IH) 
4 . 4 4 ( n i , 2H) 
2 . 3 4 , 2 . 3 0 ( s , 9H) 
2 . 0 8 , 2 . 0 3 ( s , 6H) 
2 . 4 5 ( s , 3H) 
6 . 2 5 ( d , l H , J = 2 H z ) 
6 . 4 9 ( d , l H , J = 2 H z ) 
8 . 0 1 ( d , 2 H , J = 9 H z ) 
7 . 1 8 ( d , 2 H , J = 9 H 2 ) 
6 . 8 2 ( d , 4 H , J = 8 H z ) 
6 . 8 8 ( s , IH) 
7 . 5 9 ( d , 4 H , J = 8 H z ) 
7 . 7 0 , 7 . 6 2 ( d , 2 H , 
J=16Hz) 
6 . 6 5 ( d , l H , J = 1 6 H z ) 
6 . 4 4 ( d , l H , J = l 6 H z ) 
5 . 4 9 ( d , l H , J = 7 H z ) 
5 . 0 9 ( t , l H , J = 7 H z ) 
3 . 3 0 - 3 . 9 0 ( m , 3H) 
4 . 4 0 ( m , 2H) 
1 2 . 9 0 ( s , IH) 
s = s i n g l e t , d = d o u b l e t , t = t r i p l e t , m = m u l t i p l e t ; Spec t rum 
of LCI run i n DM30-d^ + TFA-d, and t h a t of LCI h e x a a c e t a t e in 
CDCl^ a t 60 MHz u s i n g TMS i n t e r n a l s t a n d a r d = d U.OCf. 

* 1 
1 • > 
The N?M spectrum of LCIA showed the presence of four 
phenolic acetate groups (S 2.45-S 2.30) and two sugar acetoxyls 
(o 2.08, 0 2.03) confirming the presence of tv.c p-coumaroyl 
residues. The other protons were assigned as shown in Table-IX. 
TA3LE - X 
0 v-ilues of sugar acetoxyls of acetylated glycosides 
Compounds 2"-GAc 3"-0Ac 4"-0Ac 6 -OAc 
Isorhamnetin-3Glc 2.14 2.05 2.03 1.95 
(heptaaceta te) 
6~Me-Kaempferol-3Glc 2.16 2.06 2.02 1.96 
(heptaacetate) 
Tri-O-Kaempferol-3-Glc 2.15 2.04 2.04 1.92 
(Tetraacetate) 
Tri-0-Me-Kaempferol-3-Glc-6- 2.16 2.04 2.04 
p-coumaroyl(Triacetate) 
Kaempferol-3Glc-6-p-coumaroyl 2.12 2.04 2.04 
(heptaacetate) 
Kaempferol-3-Glc-5-p-coumaroyl 2.13 - 2.00 
p-coumaroyl 
Quercetin-3-Glc-p-coumaroyl 2.12 - 1.99 1.94 
(octaacetate) 
LCIA - 2.08 2.0 T 
h 
Comparing the chemical shift of sugar acetoxyls with 
those of other acetylated glycosides (Table-X), o values at 
3 and 4 positions were found to be exactly identical, led us 
to believe that the two p-coumaroyl groups in LCIA were linked 
with OH-2" and OH-6". Thus the data was in full agreement with 
a structure in which 1 mole of apigenin-4'-0-p-D-glucoside was 
linked with two moles of p-coumaric acid at OH-2 and OH-6 
(LXIX). Definite proof that LCI was apigenin-4'-0-(2" ,6"-di-0-
p-coumaroyl-p-D-glucopyranoside) (LXIX), was obtained from 
^^C-NMR data given in Table-XI. 
i. i 
TABLE ~ XI 
•"••^ C-NMH shifts of LCI in DM30-d^ (ppm, TMS=:0) 
Sugar moiety Aglycone moiety p-coumarate moiety 
C-6"=63.4 C-8= 94.0 (C-s'" )^=113.8 
C-4"=70.1 C-6= 99.0 (C-8"")'^=114.8 
(C-3")^=73.0 0-3=103.7 C-3'" ,5"' ,3"" ,5"" =115.7 
(C-5")®=73.7 C-10=10<t.O C-l'" ,l"" =124.9 
C-2"=74.0 C-3',C-5'=116.5 C-2'" ,6'" ,2"" ,6"" =130.2 
C-l"=97.2 C-l'=124.4 C-7"',7"" =144.9 
C-2',C-6'=128.1 
0-9=157.1 C-4" ,4"" =159.7 
C-4'=159.1 (C-9'" )^=165.5 
0-5=161.2 (C-9"" )^=166.2 
0-7=162.6 
0-2=164.1 
0-4=181.4 
Assignments bearing the same alphabetical superscript in the 
spectrum may be reversed. Spectrum of LCI run in DMSO-d, at 
. o 
100 MHz using TMS as internal standard = d 0.00. 
1 
The chemical shift for C-6 in the glucose moiety of 
LCI was 63.4 ppm and was about 2.0 ppm downfield of that for C-6 
in phenolic glucosides and can be ascribed to the shift caused 
"81 141 by the acylation at OH-6 * . As a consequence, the signal 
for C-5" in the spectrum of LCI was shifted upfield by ca. 2.5 
ppm. Similarly the ca. 2.5 ppm upfield shift of the signals for 
the carbon atoms C-1 and C-3 indicated acylation at OH-2 . 
However, the acylation shift at the ipso carbon atom C-2" was 
negligible. The effect of glycosidation at OH-4* was a slight 
downfield shift of C-3' and C-5' signals and a marked one 
(+3.0 ppm) for the C-1' signal. These results alongvvith the mass 
spectral fragmentation of LCIM (Chart-ll) and LCIA (Chart-12) 
supported its formulation as apigenin-4'-0-(2 ,6 -di-O-p-
coumaroyl)-p-D-glucoside (LXIX). 
(LXIX), H = H 
(LXIXa), R = Me 
(LXIXb), R = Ac 
i,.J 
Flavanoids from the leaves of Callitris Qlauca R.Br.(Cupressaceae) 
The genus Callitris (Cupressaceae) consisting of about 
twenty five species, evergreen trees and bushes are distributed 
in Australia and Tasmania. The wood of Callitris species being 
resistance to the attacks of white ants makes it specially valu-
143 
able . These are leading source of wood for cabinet works, 
144 
shingles, lead pencils and construction purposes 
Callitris qlauca is a shrub or slow-growing tree, 
eventually upto 80 ft. high with hard, furrowed, greyish-brown 
143 bark and branches divided into fine bushy sprays 
Callitris qlauca"'-^ *^-^ ^^  (Syn. C, columenllaris). C. 
muelleri , C. robusta and C. rhomboidea were chemically 
examined earlier by different groups and found to contain hinoki-
flavone and amentoflavone. 
The present discussion deals with the isolation and 
characterization of 3',4',5,7,8-pentahydroxyflavone (hypolaetin) 
(LXXa), amentoflavone (la), I-7-O-methylamentoflavone (sequoia-
flavone) (lb) and a new naturally occurring glycoside, 
Kaempferol-5-O-rhamnoside (LXXIc) from the leaf extracts of 
Callitris qlauca H.Br. Hinokiflavone and di-0-methylamentaflavone 
are detected by TLC examination. The co-occurrence of flavone and 
flavone glycoside with biflavones constitute the first example in 
Callitris genus. 
i,:i 
OR 
( L X X ) 
(a ) R=H 
( b ) R=CH3 
( I ) 
( a ) 
( b ) 
( c ) 
( d ) 
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H H H 
CH3 H H 
CK3 CH3 CH^ 
Ac Ac Ac 
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H H H 
H H H 
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RiO 
OR4 O 
(XV I I I ) 
Ri R-, R. 
( 3 ) 
( b ) 
R. 1^ - 2 - 3 -4 , 
H H H H H 
CH3 CH3 CH3 CH3 CH3 
i . / . 
Leaves of Callitris qlauca R.Br, were procured from 
Forest Research Institute Dehradun, U.P., India. The acetone 
extracts of the coarsely powdered leaves were treated with petrol, 
benzene and ethylacetate. The ethylacetate fraction was treated 
with hot water. The water insoluble portion was purified by 
solvent fractionation and column chromatography followed by pre-
88 parative layer chromatography (silica gel) (BPF-36:9:5) which 
yielded four components, three major and one minor. They were 
labelled as CGI, CGII, CGIII and CGIV in the increasing order of 
their R^ values. 
CGI was characterized as 3J4',5,7,8-pentahydroxyflavone 
(hypolaetin) (LXXa) by NMR and mass spectral studies of its methyl 
ether. CGII although homogeneous in chromatographic behaviour, on 
complete methylation followed by TLC examination was found to be 
the mixture of amentoflavone and other two minor components. CGII 
was, therefore, subjected to CCD separation between ethylmethyl 
ketone and borate buffer (pH 9.8) which yielded only CGIIX and 
characterized as amentoflavone (la) by NAIR studies of its methyl 
ether and acetate. The other constituents could not be recovered 
in pure form. CGIII was a mixture of mono-0-methyl amentoflavone 
(major) and hinokiflavone (minor) (TLC examiniation of CGIII and 
88 its methylated product) . On acetylation, it gave an acetate 
which on fractional crystallization analysed for I-7-O-methyl-
amentoflavone (sequoiaflavone) (lb). Hinokiflavone being a minor 
is 
component could only be detected. CGIV was detected as di-0-
methylamentoflavone by TLC. 
The water soluble portion, on extraction with ethyl-
acetate and TLC examination (Wcelm polyamide) gave two spots Cgl 
and Cgll. They were purified and separated by column chromato-
graphy (silica gel). Benzene-ethylacetate (40:60) and (30:70) 
eluted Cgl and Cgll respectively. The usual colour reactions and 
UV spectra in methanol indicated them to be flavanoids. 
Cgl was characterized as Kaempferol-5-O-rhamnoside 
(LXXIc), a new glycoside by spectral studies of its aglycone and 
the sugar obtained by methylation followed by hydrolysis. It gave 
5-hydroxy-3,4',7-trimethoxyflavone (NMR of its acetate), thereby 
locating the sugar moiety at 5-position. Cgll being a minor 
constituent could not be identified. 
3'«4*.5.7,8-Pentahvdroxvflavone (CGI) 
The fraction CGI m.p. 300° on complete methylation gave 
a methyl ether, CGIM, m.p. 195° (litf"*^  m.p. 192-93°). The mass 
spectrum of CGIM is shown in (Fig. 7) and the mode of fragmentation 
is given in Chart - 13). 
Main peaks: 372(64); 357(100); 344(20); 328(24); 299(12); 210(8); 
195(16); 172(10); 167(32); 165(12); 162(8) and 149(32). 
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The molecular ion (M"*") at m/e 372 showed CGIM to be 
monoflavanoid. The fragmentations at m/e 165 and 162 showed the 
presence of two methoxyl groups in ring B and at m/e 210 three 
methoxyl groups in ring A, 
The NMR spectrum of the methylether CGIM (Fig. 8) 
provided 5 methoxyls integrated for 15 protons. The aromatic 
protons were assigned as shown in the Table XII. 
TABLE - XII 
Chemical shifts of protons of CGI methylether 
Signals No. of Prtons JHz Assignment 
2.42 q 1 9.2 H-6' 
2.59 d 1 2 H-2' 
3.02 d 1 9 H--5' 
3.40 s 1 - H-3 
3.57 s 1 - H-6 
6.14 15 - 50Me 
s = singlet, d = doublet, q = quartet; Spectrum run in CDCl- at 
100 MHz, TMS as an internal standard = T 10.00. 
Of the two singlets at T 3.40 and T 3.57, the former 
was assigned to H-3 and the latter to the H-6 by analogy with 
149 5,7-dimethoxyflavone where H-8, H-6 and H-3 showed T values 
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3.47, 3.66 and 3.38 respectively. The protons of ring B gave rise 
to doublet doublets at T 2.42 (Jortho = 9 Hz, J^ g^^ g = 2 Hz), a 
doublet at r 2.59 (J^eta ~ ^^^^ "^'^  '^^ o^ '^ ^^  doublet at T 3.02 
(Jortho = 9 Hz), these signals together forming an ABC pattern. 
The pattern and the values of chemical shifts showed 
that the two methoxyl groups must be present at positions 3' and 
4' of ring B. The data were in full agreement with the structure 
(LXXb) CGIM. The mass spectral fragmentation (Chart-13) also 
supported the structure. 
Considering the above facts, CGI was assigned the 
structure as 3',4',5,7,8-pentahydroxyflavone (LXXa). 
OH O H 
H O 
O H 
I-4«,II-4'^1,5,11-5,1.7,II-7-Hexahydroxy[l-3',II-8]biflavone 
(CGIIX) 
CGII, homogeneous fraction, was methylated with Me^SO^/ 
K^CO in acetone. The product on TLC examination was found to be 
a mixture of three methyl ethers. The major one (CGIIM) was 
i-^'i 
Q Q 
hexa-O-methylamentoflavone (characteristic shade in UV light) 
and two minor components could not be identified. On CCD separa-
tion between ethylmethylketone and borate buffer, CGII yielded 
one main fraction, CGIIX which was characterized as amentoflavone 
by m.p., m.m.p. and NMR studies of its acetate and methylether. 
The NMR spectra of CGIIM (methylether) and CGIIXA (acetate) are 
shovn in Fig. 9 and Fig. 10 respectively and the results of 
NMR studies of CGIIM and CGIIXA are given in Table XIII. 
TABLE - XIII 
Chemical shifts of protons of CGIIM and CGIIXA 
Assignment CGIIM(methylether) CGIIXA(acetate) 
3.18(d,lH,J=3Hz) 
2.74(d,lH,J=3Hz) 
2.06(q,lH,J,=9Hz, 
J2=3Hz) ^ 
1.97(d,lH,J=3Hz) 
2.50(d,2H,J=9Hz) 
2.52(d,lH,J=9Hz) 
2.94(d,2H,J=9Hz) 
3.23,3.34(s,lH each) 
2.99(s,lH) 
7.53,7.57(s,3H each) 
7.70,7.76(s,3H each) 
1-7,11-7 6.12,6.17(s,3H each) 7.92,7.96(s,3H each) 
s = singlet, d = doublet, q = quartet; Spectrum run in CDCl-^  at 
100 MHz and TMS as internal standard = "f 10.00. 
H-I-6 
H-I-8 
H-I-6 ' 
H-I-2 ' 
H - I I - 2 ' , 6 ' 
H-I-5• 
H - I I - 3 ' , 5 ' 
H- I -3 , I I -3 
H-II-6 
0Me/0Ac-I-5,II-5 
1 -4 ' ,11-4 ' 
3.68(d,lH,J=3Hz) 
3.54(d,lH,J=3Hz) 
2.14(q.lH,J,=9Hz, 
J2=3Hz) 
2.17(d,lH,J=3Hz) 
2.63(d,2H,J=9Hz) 
2.88(d,lH,J=9Hz) 
3.26(d,2H,J=9Hz) 
3 .44,3 .49(s , lH each) 
3.38(s, lH) 
6.08,5.95(s,3H each) 
6.25,6.26(s,3H each) 


1 
CGIIX was thus assigned the structure 1-4',11-4' ,1-5, 
11-5,1-7,II-7-Hexahyciroxy[ 1-3' ,ll-8]biflavone (la). 
OH O 
( la ) 
1-4',11-4',l-5,lI-5,Il-7-Pentahydroxy-I-7-0-methyl[l-3',11-8] 
biflavone (CGIIl) 
The TLC examination of CGIII and its methylethers 
indicated it to be a mixture of mono methylether of amentoflavone 
(major) and hinokiflavone (minor)o On acetylation with Ac^O/ 
Pyridine and fractional crystallization, it gave an acetate 
CGIIIA, m.p. 244°, the NMR spectrum (Fig. 11) of which showed one 
methoxyl and five acetoxyl groups. The results of NMR studies of 
CGIIIA and sequoiaflavone pentaacetate are given in Table-XIV. 
1 .:i 
TABLE - XIV 
Chemical shifts of protons of CGIIIA and sequoiaflavone penta-
acetate. 
Assigned 
Positions 
CGIIIA Sequoiaflavone 
Pentaacetate 
H-I-8 
H-I-6 
H-II-6 
H-I-5' 
H-I-2' 
H-I-6' 
H-II-2',6' 
H-II-3',5' 
H-I,3,11-3 
1-4',11-4' 
1-5,11-5 
1-7 
11-7 
3.22(d,lH,J=3Hz) 
3.41(d,lH,J=3Hz) 
3.CX)(s,lH) 
2.55(d,lH,J=9Hz) 
1.96(d,lH,J=3Hz) 
2.04(q,lH,J^=9Hz, 
J2=3Hz) 
2.48(d,2H,J=8Hz) 
2o92(d,2H,J=9Hz) 
3.35,3.36(s,lH, each) 
(7.70) (7.76) 
(s,3H, each) 
(7.52) (7.58) 
(s,3H, each) 
6.16(s,3H) 
(7.96) (s,3H) 
3.22(d,lH,J=3Hz) 
3.41(d,lH,J=3Hz) 
3.01(s,lH) 
2.52(d,lH,J=9Hz) 
1.96(d,lH,J=3Hz) 
2.08(q,lH,Jj^=9Hz, 
J2=3Hz) 
2.50(d,2H,J=8Hz) 
2.98(d,2H,J=9Hz) 
3.34,3.36(s,lH, each) 
(7.71) (7.77) 
(s,3H, each) 
(7.52) (7.56) 
(s,3H, each) 
6.16(s,3H) 
(7.94) (s,3H) 
s = singlet, d = doublet, m = multiplet; Spectrum run in CDCl^ at 
ICX) MHz, TMS as an internal standard T = 10.00. Numbers in 
parentheses show chemical shifts of acetoxy protons. 

1 :, J 
The N^yiR spectrum of CGIIIA was found to be iden t i ca l 
with tha t of sequoiaflavone pentaacetate (Table-XIV). CGIII was 
therefore , assigned the s t ruc tu re 1-4' ,11-4 ' ,1 -5 ,11-5 ,11-7-
pentahydroxy-I-7-O-methylamentoflavone ( l b ) . 
OH O 
(lb) 
CGIV 
The fraction CGIV being the minor component could only 
be detected by TLC as dimethyl ether of amentoflavone. 
Water soluble fraction 
The water soluble portion, on extraction with ethyl-
acetate and TLC examination (Woelm Polyamide) gave two spots 
Cgl and Cgll. They were purified and separated by column 
chromatography (silica gel). Benzene-ethylacetate (40:60) and 
(30:70) eluted Cgl and Cgll respectively. Cgll being minor 
constituent could not be identified. 
1 j i 
Kaempferol-S-O-rhamnoside (Cgl) 
Cgl, m.p. 198°, on hydrolysis with 8y. alcoholic hydro-
chloric acid gave an aglycone, m,p. 276-78 which was found to 
be identical (co-TLC, m.po, m.m.p. and NMH data of its methyl-
150 
ether) with Kaempferol and a sugar. The sugar was identified 
as rhamnose by R^ values and co-chromatography on V»'hatmann No.l. 
The methylation of the glycoside followed by hydrolysis gave a 
compound, CglMa m.p. 140-43° which was found to be comparable 
151 
with 3,7,4'-trimethoxy-5-hydroxyflavone . On acetylation it 
gave an acetate (CglMaA) m.p. 135-36 . 
TABLE - XV 
Chemical s h i f t s of p ro tons of CglMaA 
S i g n a l s No. of Protons J Hz Assignments 
1.76 d 
2 .82 d 
3.14 d 
3 .40 d 
7 .54 
6.10 
6.14 
2 
2 
1 
1 
3 
3 
6 
9 
9 
2 .5 
2 . 5 
H - 2 ' , 6 ' 
H - 3 ' , 5 ' 
H-8 
H-6 
5-OAc 
3,7,4'-OMe 
s = singlet, d = doublet; Soectrum run in CDCl^ at 100 MHz, TMS 
as an,internal standard = T 10.00. 

i:.l 
The NMR spec t ra l data (Table-XV) (Fig. 12) showed s ignals a t 
T 6 . 1 0 , 6.14 and 7.54 a r i s ing from three methoxyl and one acetoxyl 
groups. The low value of the chemical sh i f t s of acetoxyl group 
152 ( ^ 7.54) is the c h a r a c t e r i s t i c of 5-acetoxyl group, thereby 
confirming the hydroxyl group at pos i t i on -5 . The aromatic proton 
s ignals were present as an A^B- system ( T 1.76, H-2 ' ,6*; T 2 . 8 2 , 
H - 3 ' , 5 ' , J=9 Hz) together with an AB pa t te rn ( Y 3.14, H-8;n^3.40, 
H-6, J = 2,5 Hz). The chemical sh i f t s of the ^^^ system cor res -
pond c lose ly with a 4'-methoxyl group in the B ring together with 
151 3-methoxyl group in C-ring 
The above spec t ra l r e s u l t s showed tha t the compound 
(CglMa) must be 3,7,4 ' - t r imethoxy-5-hydroxyflavone, thereby 
loca t ing the sugar moiety a t 5-pos i t ion . That the hydroxyl a t 
C-5 involved in g lycos ida t ion , was also suggested by the extremely 
rapid hydrolysis of Cgl, Cgl hes thus been iden t i f i ed as 
Kaempferol-5-O-rhamnoside (LXXIc), a new glycoside. 
Rhamnose 
OH 
( L X X I c ) 
1 ' 1 . J 
A biflavone from Garuqa pinnate Hoxb. (Burseraceae) 
Burseraceae is a family of about 20 genera and 500-600 
species whose greatest development is in tropical America and 
154 North Eastern Africa 
Garuqa pinnata Roxb. is a medium sized tree, upto 50 ft 
155 a high, distributed almost throughout India . It has a great 
medicinal value. The use of leaf extracts of Garuqa pinnata Hoxb. 
mixed with honey, in asthma and stem juice to cure opacities of 
conjugativa is reported in the indigenous system of medicine 
The medicinal value of the plant and the absence of any work done 
for the flavanoids in the family attracted our attention. The 
present discussion deals with the isolation and characterization 
of amentoflavone (la) from the leaf extracts of G. pinnata Hoxb. 
This constitutes the first example for the occurrence of a 
biflavone in Burseraceae family. 
Fresh leaves of Garuqa pinnata Hoxb. procured from 
Koilabas, Nepal, were extracted with hot acetone. The combined 
extracts were purified by solvent fractionation, column chromato-
graphy followed by preparative layer chromatography (silica gel) 
which yielded only one component as a yellow solid mass, labelled 
as GPI, Rf. 0.18 (TLC, BPF). This was found to respond to the 
usual flavanoidic colour tests. GPI was characterized as amento-
flavone by m.p., m.m.p. and NMH spectra of its methyl ether and 
acetate. 
•I 
1-41,11-4 «,I~5,11-5,1-7,11-7-Hexahydroxy[1-3',II-8]bif1avone (GPI) 
The fraction GPI, on methylation using dimethyl sulphate 
and anhydrous potassium carbonate in dry acetone, gave hexa-0-
methylamentoflavone (GPIM), R^ 0.40, m.p. 181-82° (lit?-^  m.p.170-
171°). On acetylation with Ac-0/Pyridine, GPI provided amento-
flavone hexaacetate (GPIA), m.p.240-42° (litJ"^  235°). 
The results of NMR studies of GPIM and GPIA are given 
in Table-XVI. 
Table - XVI 
Chemical shifts of protons of GPI (methyl ether and acetate) 
Assignments GPI(Methylether) GPI(acetate) 
H-I-2 • 
H-I-6' 
H-II-2',6' 
H-I-5' 
H-I-3',5' 
H-II-6 
H-I-8 
H-I-6 
H-I-3 
H-II-3 
OMe/OAc-I-5 
OMe/OAc-II-5 
OMe/OAc-I-7 
OMe/OAc-II-7 
OMe/OAc-I-4' 
OMe/OAc-II-4' 
2.18(lH,d,J=3Hz) 
2.06(lH,q,J,=8.5Hz, 
J2=3Hz) ^ 
2.64(2H,d,J=8.5Hz) 
2.91(lH,d,J=8.5Hz) 
3.26(2H,d,J=8.5Hz) 
3.38(lH,s) 
3.54(lH,d,J=3Hz) 
3.68(lH,d,J=3Hz) 
3.50(lH,s) 
3.44(lH,s) 
•5.94, 6.08 
.(s, 3H each) 
r6.11, 6.18 
[(s, 3H each) 
r6.25, 6.28 
Us , 3H each) 
1.99(lH,d,J=3Hz) 
2.05(lH,q,J,=8.5Hz, 
J2=3Hz) 
2.52(2H,d,J=8.5Hz) 
2.56(lH,d,J=8.5Hz) 
2.96(2H,d,J=8.5Hz) 
3.01(lH,s) 
2.77(lH,d,J=2.5Hz) 
3.18(lH,d,J=2.5Hz) 
"3.30, 3.35 
(IH each, s) 
7.54, 7.60 
(s, 3H each) 
7.72, 7.77 
(s, 3H each) 
7.95, 7.98 
(s, 3H each) 
s = singlet; d = doublet; q = quartet; Spectrum run in CDCl- at 
100 MHz and TMS as internal standard = TlO.OO. 
! . . > 
GPI was thus assigned the s t ruc tu re 1-4 ' ,11-4*,1-5, 
11-5 ,1-7 , I I -7-Hexahydroxy[1-3 ' , I I -8]bi f lavone. 
HO 
OH O 
( la) 
1 u 
Biflavanoi'ds from the leaves of Cunninqhamia lanceolata Hook. 
(Syn. C. sinensis) (Taxodiaceae) 
The genus Cunninghamia is of two species of evergreen 
conifers found in China, of which Cunninqhamia lanceolata Hook, 
(Syn, C, sinensis R, Br,) is grown in India as an ornamental 
155 b plant. The wood is used for the manufacture of paper pulp 
Both species of genus Cunninghamia were chemically 
23 145 
examined earlier * and found to contain hinokiflavone, 
kayaflavone and sequoiaflavone in Cunninqhamia lanceolata Hook, 
(Syn, C. sinensis K, Br.) whereas hinokiflavone, kayaflavone 
alongwith sotetsuflavone were reported in C. lanceolata var. 
konishii. 
The present discussion deals with the study of the 
complex mixture of biflavanoids in the leaf extracts of 
Cunninqhamia lanceolata Hook. (Syn, C. sinensis K. Br.). The 
mixture is found to contain amentoflavone (la), sequoiaflavone 
(lb), I-7,Il~7-di-0-methylamentoflavone (Ic), kayaflavone (Id) 
robustaflavone (XIa), hinokiflavone (XVIIIa), isocryptomerin 
(XVIlIb) and apigenin (LXXIIa). Robustaflavone (XIa) is being 
reported for the first time in Cunninghamia genus. 
( I ) 
R. R, R. R. R. 
(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
H 
CH3 
CH3 
H 
CH3 
Ac 
H 
H 
^"3 
^"3 
CH3 
Ac 
H 
H 
H 
H 
CH3 
Ac 
H 
H 
H 
H 
CH3 
Ac 
H 
H 
H 
CH3 
CH3 
Ac 
H 
H 
H 
CH 
CH 
Ac 
R10 
(a) 
(b ) ' 
OR3O 
^1 
H 
CH 
(X I ) 
R, 
H 
R 
3 ^"3 
3 
H 
CH, 
R 4 
H 
CH, 
R 5 
H 
CH, 
R 6 
H 
CH, 
OR^ O 
( X V I I I ) 
R. R, R. R. 
(a ) 
(b) 
( c ) 
H 
H 
Ac 
H 
H 
Ac 
H 
H 
Ac 
H 
CH3 
CH3 
H 
H 
CH3 
( LXX I I ) 
(a ) Rj^  = R^ = R3 = H 
(b) R^ = R^ = R3 = CH3 
ijj 
The phenolic extractives of dried leaves of 
Cunninqhamia lanceolata Hook.(procured from Darjeeling.W. Bengal, 
India) after similar treatment as described for Callitris qlauca 
yielded five components, labelled as CLI, CLII, CLIII, CLIV and 
CLV in order of increasing R^ values (BPF, 36:9:5) . The usual 
colour reactions and ultra violet spectra indicated them as 
biflavanoids. 
Methylation of chromatographically homogeneous frac-
tion (CLI) followed by TLC examination was found to be a mixture 
of amentoflavone and robustaflavone. The methylated product was 
separated by PLC to give CLIMI and CLIMII. They were character-
ized by comparison with authentic samples (m.p., m.m.p., R^ values, 
21,3§,44a,88 
characteristic fluorescence in UV light and NMR studies 
1-4',II-4«,1,5,11-5^1^7,II-7-Hexa-0-methyl[l-3',II-83biflavone 
(CLIMI) 
TLC examination of CLI and its methyl ether CLIMI 
(m.p. 226-27°) indicated it to be amentoflavone. The results of 
NMR studies of CLIMI are recorded in Table-XVII. 
TABLE - XVII 
Chemical shifts of orotons of CLIMI 
i l"i 
Assignments 
H-I-8 
H-I-6 
H-II-6 
H-I-6' 
H-I-2' 
H-I-5• 
H-II-2',6' 
H-II-3',5' 
H-I-3,II-3 
0Me-I-5,II-5 
0Me-I-7,II-7 
OMe-1-4',11-4' 
No. of Protons 
1 
1 
1 
1 
1 
1 
2 
2 
one each 
6 
6 
6 
Signals 
3.54(cl,J=2.5Hz) 
3.68(d,J=2.5Hz) 
3.37(s) 
2.06(q,J^=9.0Hz,J2=3Hz) 
2.15(d,J=3.0Hz) 
2.89(GI,J=9.0HZ) 
2.62(d,J=9.0Hz) 
3.27(d,J=9.0Hz) 
3.50,3.43(s) 
6.08,5.94(s) 
6.10,6.18(s) 
6.20,6.24(s) 
s = singlet, d = doublet, q = quartet; Spectrum run in CDCl-
at 100 MHz, TMS as internal standard = rlO.OO. 
i^l 
CLIMI was, t h e r e f o r e , ass igned the s t r u c t u r e 1 - 4 ' , 
I I - 4 ' , 1 - 5 , 1 1 - 5 , 1 - 7 , 1 1 - 7 - H e x a - O - m e t h y l [ 1 - 3 ' , I I - 8 ] b i f l a v o n e ( I h ) . 
OCH3O 
OCH-
( I h ) 
1 - 4 ' , 1 1 - 4 ' , 1 - 5 , 1 1 - 5 , 1 - 7 , I I - 7 - H e x a - O - m e t h y 1 [ 1 - 3 ' , 1 1 - 6 ] b i f1avone 
(CLIMI1) 
CLIMII (tn.p. 305-308°) ob ta ined by methy la t ion of CLl 
was found i d e n t i c a l in m . p . , R^ va lues and f luo re scence in UV 
l i g h t to an a u t h e n t i c sample of r o b u s t a f l a v o n e hexamethyl e t h e r . 
The r e s u l t s of NMR s t u d i e s a re given in Table -XVlI l . 
TABLE - XVIII 
Chemical shifts of protons of CLIMII 
i-.: 
Assignments 
H-I-6 
H-I-8 
H - I - 3 , I I - 3 
H-II-8 
H - I I - 3 ' , 5 ' 
H-I-5• 
H-I I - .2 ' ,6 ' 
H-I-6 ' 
H-I-2• 
0Me^I-5,II-5 
0 M e - l - 4 ' , I l - 4 ' 
0Me-I-7,II-7 
No. of Protons Signals 
1 
1 
2 
1 
2 
1 
2 
1 
1 
6 
6 
6 
3.65(d,J=2.5Hz) 
3.42(d,J=2.5Hz) 
3.35(s) 
3.12(s) 
2.98(cl,J=9.0Hz) 
2.91(c[,J=9Hz) 
2.3l(cl,J=9Hz) 
2.13(q,Jj^=9.0Hz,J2=2.5Hz) 
2.19(cl,J=2.5Hz) 
6.07, 6.39(s) 
6 .12,6.14(s) 
6 .12,6 .18(s) 
s = singlet, d = doublet, q = quartet; Spectrum run in CDCl, 
at 100 MHz, IMS as an internal standard = T 10.00. 
1 . .J 
CLIMII was, therefore, assigned the structure as 1-4', 
11-4',1-5,11-5,1-7,II-7-Hexa-0-methYl[l-3',II-6]biflavone (Xlb). 
H3CO 
K3CO OCH. 
(Xlb) 
CLll 
The fraction CLII although homogeneous in chromato-
graphic behaviour, was found, on complete methylation to be a 
mixture of hinokiflavone and monomethyl ether of amentoflavone 
88 (R^ values and characteristic shade in UV light) . The methyl 
ethers were separated by PLC and marked as CLIIMI and CLIIMII. 
CLII when subjected to CCD separation between ethylmethyl ketone 
and borate buffer (pH 9.6) yielded CLIIX and CLIIY which were 
characterized as sequoiaflavone (lb) and hinokiflavone (XVIlIa) 
respectively by NMR studies of their acetates and methyl ethers. 
I-4MI-4M-5,II-5.II-7-Pentahydroxy-I~7-0-methviri-3' .11-8] 
biflavone (CLIIX) 
TLC examination of CLIIX and its complete methyl ether 
and NMR spectrum of its acetate (CLIIXA), m.p. 243° showed it to 
be monomethyl ether of amentoflavone. The structure of CLIIX was 
further supported by comparison of methoxy and acetoxy resonances 
of its acetate with those of authentic samples (Table-XIX). 
TABLE - XIX 
Chemical shifts of methoxy and acetoxy protons of CLIIXA and 
related compounds. 
Comoound Assigned position in biflavonyl nucleus 
1-4» 11-4' 1-5 II-5 1-7 11-7 
CLIIXA 7.96 7.92 7.56 7.52 (6.16) 7.74 
Sequoiaflavone 7.95 7.85 7.53 7.49 (6.16) 7.72 
pentaacetate 
Podocarpusflavone-A 7.90 (6o25) 7.56 7.51 7.68 7.94 
pentaacetate 
Bilobetin (6.28) 7.85 7.53 7.49 7.76 7.90 
pentaacetate 
II_7-0-Methyl- 7.95 7.85 7.75 7.48 7.77 (6.18) 
amentoflavone 
pentaacetate 
Spectra run in CDCl^ at 100 MHz, TMS as internal standard = T 10.00. 
Numbers in parantheses show the chemical shifts of methoxy protons. 
The NMR spectrum of CLIIXA was found to be identical 
with that of sequoiaflavone pentaacetate. CLIIX was, therefore, 
assigned the structure 1-4',II--4',1-5,11-5,Il-T-Pentahydroxy-
I_7-0_methyl[l-3',ll-8]biflavone (lb). 
OH O 
OH 
(lb) 
1-5,11-5,1-7,11-7,11-4'-Pentahydroxy[1-4'-O-II-elbiflavone 
(CLIIY) 
CLIIMII (methyl e t h e r ) m.p. 260-261° 
CLllYA ( a c e t a t e ) m.p. 236-240° 
The r e s u l t s of NMii s t u d i e s of CLllMII and CLllYA 
(methyl e t h e r and a c e t a t e ) a re shown in Table-XX. 
I .'J 
TABLE - XX 
Chemical shifts of protons of CLIIMll and CLIIYA (methyl ether 
and acetate). 
Assignment CLIIMII CLIIYA 
H - I - 2 ' , 6 ' 
H - . I I - 2 ' , 6 ' 
H - I - 3 ' , 5 ' 
H - I I - 3 ' , 5 ' 
H - I I - 8 
H-I-8 
H-I-6 
H-I -3 
H - I I - 3 
OMe/OAc-I-5 
OMe/OAc-lI-5 
OMe/OAc-I-7 
OMe/OAc-II-7 
OMe/OAc-II-4' 
2.04(2H,d,J=8.5Hz) 
2.14(2H,d,J=8.5Hz) 
3.04(2H,d,J=8.5Hz) 
2.96(2H,d,J=8.5Hz) 
3.44(lH,s) 
3.48(lH,d,J=2.5Hz) 
3.66(lH,d,J=2.5Hz) 
3.42»(lH,s) 
3.40*(lH,s) 
l 
6.06,6.12 
(15H,s,50Me) 
2.00(2H,d,J=9.5Hz) 
2.04(2H,d,J=9.5Hz) 
3.75(2H,d,J=9.5Hz) 
3.75(2H,d,J=9.5Hz) 
2.80(lH,s) 
2.49(lH,d,J=2Hz) 
3.08(lH,d,J=2Hz) 
3.34*,3.24* 
(IH each,s) 
7.57,7.66 
7.75,7.88,7.89 
(3H each,s) 
s = singlet, d = doublet, q = quartet; Spectrum run in CDCl- at 
100 MHz and LMS as internal standard = r 10.00. 
Alternative assignment is possible. 
1-.. 
The fraction.CLIIY was, thus assigned the structure 
II-4«,I-5,II_5,I-7,II-7-Pentahydroxy[l-4'-0-II-6]biflavone 
(XVIIIa). 
HO 
OH O 
(XVIIIa) 
II-4',I-5,II-5,I-7-Tetrahydroxy-Il-7-0-methyl[l-4'-C)-Il-63 
biflavone (CLllI) 
TLC examination of CLIII and its complete methyl ether 
showed hinokiflavone pentamethyl ether. The results of NMR 
studies of CLIIIA (acetate) m.p. 213-214° are given in Table-XXI. 
TABLE - XXI 
Chemical shifts of protons of CLIIIA and isocryptomerin tetra-
acetate. 
Assigned CLlIl-acetate Isocryptomerin 
position (CLIIIA) tetraacetate 
H-I-2',6' 2.10(d,2H,J=9Hz) 2.16(d,2H,J=9Hz) 
H-II-2',6' 2.24(d,2H,J=9Hz) 2.25(d,2H,J=9Hz) 
H-I-3',5' 2.99(d,2H,J=9Hz) 2.99(d,2H,J=9Hz) 
H-II-3',5' 2.76(d,2H,J=9Hz) 2.78(d,2H,J=9Hz) 
H-I-S 2.70(d,lH,J=2.5Hz) 2.74(d,lH,J=2.5Hz) 
H-II-8 2.98(s,lH) 3.03(s,lH) 
H-1-6 3.18(d,lH,J=2.5Hz) 3.22(d,lH,J=2.5Hz) 
H-I-3 3.40(s,lH) 3.40(s,lH) 
H-II-3 3.44(s,lH) 3.45(s,lH) 
0Ac-I-5,II-5 7.70(s,6H) 7.73(s,6H) 
0Ac-I-7,II-4' 7.63,7.76(s,3H each) 7.64,7.77(s,3H each) 
OMe-Il-7 6.13(s,3H) 6.14(s,3H) 
s = singlet, d = doublet; Spectrum run in CDCl^ at 100 MHz and 
IMS as internal standard = T 10.00. 
1 - j 
CLIII was, thus, assigned the structure II-4',I-5, 
II-5,I-7-Tetrahydroxy-II-7-0-methyl[l-4'-0-Il-6]biflavone 
(Isocryptomerin) (XVIIIb). 
HO 
OH O 
OH O 
(XVIIIb) 
OH 
CLIV 
The chromatographically homogeneous fraction CLIV, was 
found, on complete methylation to be a mixture of dimethyl ether 
of amentoflavone (Ih) and apigenin (LXXIIb) (R^ values and 
go 
characteristic shade in UV light) . CLIV on CCD separation 
between ethylmethyl ketone and borate buffer (pH 9.5) yielded 
CLIVX and CLIVY which were characterized as I-7,II"7-.di-0-methyl 
amentoflavone (Ic) and apigenin (LXXIIa) by NMR studies of their 
acetates. 
I,4',II,4«,I-5,II-5,Tetrahydroxy-I-7,II-7-di-0-methyl[l-3',II>8] 
biflavone (CLIVX) 
The results of NMh studies of CLIVXA (acetate) and other 
members of the amentoflavone series are given in Table-XXII. 
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CLIVX was, thus, assigned the structure 1-4' ,11-4' , 
I-5,II-5-Tetrahydroxy-I-7,II-7-cii-0-methyl[l-3' , lI-8]biflavone 
( Ic) . 
H3CO 
OH 
OH 
do 
5,7,4'-Trihydroxyflavone (CLIVY) 
TLC examination of CLIVY and its methyl ether showed 
it to be apigenin. It was further characterized as 5,7,4'-
Trihydroxyflavone by NMR studies of its acetate (CLIVYA) m.p. 
185-186°. The results of NMR studies are given in Table-XXIII. 
TABLE - XXIII 
Chemical shifts of protons of CLIVYH 
Assignment No. of Protons Signals 
H-2',6' 2 2.14(d,J=9Hz) 
H-3',5' 2 2.75(d,J=9Hz) 
H-8 1 2.80(d,J=2.5Hz) 
H-6 1 3.20(d,J=2.5Hz) 
H-3 1 3.42(s) 
OAc-5 3 7.58(s) 
OAc-4',7 6 7.68(s) 
s = singlet, d = doublet; Spectrum run in CDCl- at 100 MHz, 
TMS as an internal standard = T 10,00. 
1 •J 0 
CLIVY was, thus, assigned the structure 5,7,4'-
Trihydroxyflavone (LXXIIa). 
OH O 
(LXXlia) 
CLV 
The TLC examination of CLV and its methyl ether showed 
it to be trimethyl ether of amentoflavone (R^ values and charac-
teristic shade in UV light)®^. 
1-5,11-5,l-7-Trihydroxy-I-4'.11-4',II-7-tri-0-methyl[1-3',I1-8] 
biflavone (CLV) 
The results of NMR studies of CLVA (acetate), sciado-
p^tysin triacetate and kayaflavone triacetate in Table-XXIV. 
ij'i 
TABLE - XXIV 
Chemical shifts of protons of CLVA, Kayaflavone and Sciadopitysin 
triacetate. 
Assignment CLVA Kayaflavone Sciadopitysin 
triacetate triacetate 
H-I-2',6' 2.10-2.15(q) 2.10-2.15(q) 2.04-2.10(q) 
H-I-5' 2.88(d) 2.88(d) 2.86(d) 
H-II-2',6' 2.66(d) 2.64(d) 2.61(d) 
H-II-3',5' 3.22(d) 3.22(d) 3.23(d) 
H-I-3,II-3 3.50,3.40(s) ^ 3.50,3.40(s) 3.51,3.40(s) 
H-I-8 2.73(d) 2.72(d) 3.15(d) 
H-I-6 3.22(d) 3.20(d) 3.44(d)-
H-II-6 3.20(s) 3.18(s) 3.04(s) 
Me0-I-4',II-4' (6.27,6.40) (6.2.6,6.40) (6.24,6.42) 
Ac0/MeO-I-7,II-7 7.76,(6.20) (6.20),7.76 (6.27),7.90 
Ac0-I-5,II-5 7.53,7.42 7.54,7.48 7,54,7.59 
s = singlet, d = doublet, q = quartet; Spectrum run in CDClo at 
100 MHz, TMS as internal standard = T 10.00. 
Numbers in parantheses show chemical shifts of methoxy protons. 
i J J 
The NKtfl spectrum of CLVA was found iden t ica l with tha t 
of kayaflavone t r i a c e t a t e . CLV was, the re fore , assigned the 
s t ruc tu re 1 -5 ,11-5 ,1 -7-Tr ihydroxy- I -4 ' ,11-4 ' , I I -7 - t r i -0 -methy l 
[ l - 3 ' , I I - 8 ] b i f l a v o n e ( I d ) . 
( I d ) 
I J O 
Flavanones from the leaves of Rhus insiqnis Hook, f. 
(Anacardiaceae) 
The family Anacardiaceae consists of 73 genera and 
about 600 species, evergreen trees and shrubs. The genus Rhus, 
one of the largest genera of the family includes about 
50 species mostly distributed in Himalayas ' 
Most of the species have been chemically examined for 
raonoflavanoids and their glycosides but only Rhus succedanea has 
53 been chemically examined for biflavanoids . The present 
discussion is devoted to the isolation of 3,7,3',4'-Tetrahydroxy-
flavanone (LXXIIIa), 3,5,7,3',4'-Pentahydroxyflavanone (LXXIlIb), 
5,7,3',4'-Tetrahydroxyflavanone (LXXIIIc) and 5,7,4'-Trihydroxy-
flavanone (LXXIV) from the leaf extracts of Rhus insiqnis. 
HO 
(LXXIII) 
(a) R^ = H, R^ = OH 
(b) R^ = R^ = OH 
(c) R^ = OH, R2 = H 
i J i 
The acetone extracts of the dried and powdered leaves 
(1 Kg) of nhus insiqnis gave Rl-I (R^ 0.60); RI-II (R^ 0.64); 
RI-III (Rj 0.70) and RI-IV (R^ 0.88) in TEF by the usual methods 
of extraction and purification. The colour reactions and ultra-
violet spectra indicated them to be flavanones. 
3,7,3',4'-Tetrahydroxyflavanone (KI-I) 
TLC examination of RI-I (R^ value and characteristic 
fluorescence in UV light)"*-^ ,^ m.p. 227-230° and ^ j^ax ^ " ^^^^ ^^ 
276 and 312 indicated it to be a flavanone. It was treated with 
. .158 Ac20/Pyridine to give an ace t a t e , RI-IA, m.p. 148 ( l i t . m.p. 
149 ) which was found to be iden t i ca l with 3 ,7 ,3 ' , 4 ' -Te t r aace toxy-
1 'Sft 
flavanone . The r e s u l t s of UV spectra of RI-I and 3 , 7 , 3 ' , 4 ' -
159 Tetrahydroxyflavanone ( fus t in ) are recorded in Table-XXV. 
iJ y 
TABLE - XXV 
UV d a t a of RI-1 and f u s t i n 
Reagent RI - I Fus t in 
277,310 sh 
252,297 sh , 334(dec . ) 
235,308,349 sh 
234,278,308 
256 sh , 285,334 
281,314 sh 
MeOH 
NaOMe 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/H3B03 
276,312 sh 
250,296 sh, 332(dec.) 
233,306,347 sh 
232,276,306 
254 sh, 283,332 
279,312 sh 
In methanol . Band I I of RI- I showed a peak a t 276 nm 
and an i n f l i c t i o n a t 312 (band I ) . The low va lue of A 276 nm 
of band I I was due to the absence of 5-hydroxyl group. The p o s i -
t i o n s of t h e s e peaks and a s h i f t of 56 nm on the a d d i t i o n of 
159 
NaOAc i n d i c a t e d i t to be 3 , 7 , 3 * , 4 ' - T e t r a h y d r o x y f l a v a n o n e ( f u s t i n ) . 
I t was f u r t h e r confirmed by NMR s t u d i e s of i t s a c e t a t e , RI-IA 
(Table-XXVl). 
TABLE - XXVI 
Chemical shifts of protons of RI-IA 
iJ^ 
Assignment PJ-IA 
H-8 
H-6 
H-5 
H-2 
H--3 
H - 2 ' , 5 ' , 6 ' 
OAc-7 
0Ac-3 ,3 ' , 4» 
3. LHd , lH , J=2 .5 Hz) 
3 .3o (q , lH , J^=9 Hz, J2=2.5 Hz) 
2 . 0 5 ( d , l H , J = 9 Hz) 
4 . 2 5 ( d , l H , J = 1 1 . 5 Hz) 
4 „ 7 0 ( d , l H , J = l l „ 5 Hz) 
2.60(m,3H) 
7 .95(s ,3H) 
7 .72(s ,9H) 
s = s i n g l e t , d = d o u b l e t , q = q u a r t e t , m = m u l t i p l e t ; Spectrum 
run in CDCl^ a t 60 MHz and IMS as i n t e r n a l s t andard = ^ 10 .00 . 
RI - I was, t h e r e f o r e , ass igned as 3 , 7 , 3 ' , 4 ' - T e t r a h y d r o x y -
f lavanone ( f u s t i n ) (LXXIIla) . 
HO 
(LXXIIla) 
i J J 
3 , 5 , 7 , 3 ' , 4 ' - P e n t a h y d r o x y f l a v a n o n e ( R I - I I ) 
R I - I I ( m . p . 2 4 5 ° ) and i t s a c e t y l a t e d p r o d u c t ( R I - I I A ) , 
m .p . 1 4 5 - 1 4 9 ° , were compared w i t h a u t h e n t i c s amples of d i h y d r o -
5 6 . 1 6 0 
q u e r c e t i n (R^ v a l u e , m . p . , m.m.p . and f l u o r e s c e n c e in UV l i g h t ) 
The s t r u c t u r e was c o n f i r m e d by UV and NMR s p e c t r a l s t u d i e s of 
R I - I I and i t s a c e t a t e . The r e s u l t s of UV s p e c t r a of R I - I I and 
d i h y d r o q u e r c e t i n a r e r e c o r d e d in Tab le -XXVII . 
TABLE - XXVII 
UV d a t a of R I - I I and D i h y d r o q u e r c e t i n 
R e a g e n t R I - I I d i h y d r o q u e r c e t i n 
MeOH 
NaOMe 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/HgBO^ 
2 8 8 , 3 2 5 sh 
244 s h , 3 2 4 ( d e c . ) 
278 s h , 3 1 0 , 3 7 3 
3 1 0 , 3 7 3 
287 s h , 325 
2 9 0 , 3 2 5 sh 
290,327 sh 
246 s h , 3 2 6 ( d e c . ) 
280 s h , 3 1 2 , 3 7 5 
3 1 2 , 3 7 5 
289 s h , 327 
2 9 2 , 3 3 7 sh 
The A j j jg^(288,325 sh) of R I - I I in me thano l showed i t 
t o be a f l a v a n o n e w i t h f r e e 5 - h y d r o x y l g r o u p . The UV s p e c t r a of 
R I - I I e x h i b i t s a 36 nm b a t h o c h r o m i c s h i f t of band I I in t h e 
p r e s e n c e of NaOMe, i n d i c a t i n g a l s o t h e p r e s e n c e of f r e e 5 , 7 - d i -
1 Ij 1. 
159 hydroxyl groups in flavanonol . The UV spectral data of RI-II 
were found identical with dihydroqufrcetin (Table-XXVII). It was 
further confirmed by N/\AR spectral studies of its acetate. The 
results of N;tAR spectra of RI-IIA and dihydroquercetin penta-
acetate are recorded in Table-XXVIlI. 
TABLE - XXVIII 
Chemical shifts of protons of RI-IIA and Dihydroquercetin penta-
acetate. 
Assignment RI-IIA Dihydroquercetin 
pentaacetate 
H-8 3.08(d,lH,J=2o5 Hz) 3.06(d,lH,J=2o5 Hz) 
H-6 3.30(d,lH,J=2.5 Hz) 3.29(d,lH,J=2.5 Hz) 
H-2 4.24(d,lH,J=12 Hz) .4„28(d,lH,J=12 Hz) 
H-3 4.65(d,lH,J=12 Hz) 4.70(d,lH,J=12 Hz) 
H-2',5',6' 2.64(m,3H) 2.66(m,3H) 
OAc-5 7.61(s,3H) 7,63(s,3H) 
OAc-3,3',4' 7.7l(s,9H) 7.73(s,9H) 
OAc-7 7.96(s,3H) 7.97(s,3H) 
s = singlet, d = doublet, m = multiplet; Spectrum run in CDClo 
at 60 MHz and TMS as internal standard = 7^10.00. 
.t 1 
1 J 
The values of NiVK spectrum of RI-IIA was comparable with 
dihydroquercetin nontaacetate . RI- I I was, therefore , assigned 
as 3,5,7,3 ' ,4 ' -Pentahydroxyflavanone (LXXlIIb). 
OH 
OH O 
(LXXIIlb) 
5 ,7 ,3 ' ,4 ' -Tetrahydroxyflavanone ( r t l - I l l ) 
R I - I I I , m.p. 264° and i t s acetyla ted product (RI-IIIA) 
m.p. 140-145 were found to be iden t ica l with authentic samples 
of d ihydroluteol in (R^ values , m.p. , m.m.p. c h a r a c t e r i s t i c shade 
in UV light)•^^^'•'•^•'•. The r e s u l t s of UV spectra of R I - I l l and 
dihydroluteol in are recorded in Table-XXIX. 
I j j 
TABLE - XXIX 
UV data of Hl-111 and L) ihydroluteol in 
Reagent 
MeOH 
NaOMe 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/H3B03 
RI-III 
287,322 sh 
244,322 
308,376 
307,371 
287 sh, 323 
287,331 sh 
Dihydroluteolin 
289,324 sh 
246,324 
310,378 
309,373 
289 sh, 325 
289,333 sh 
Comparing the ^ of RI - I I I and dihydroluteol in 
159 (Table-XXIX), i t was indicated to be dihydroluteol in . The 
fract ion RI - I I I was further acetylated with Ac20/Pyridine and 
c r y s t a l l i z e d to give RI-IIIA (m.p. 140-145°). The r e s u l t s of 
NA/IR s tud ies of RI-IIIA and dihydroluteol in t e t r a a c e t a t e are 
recorded in Table-XXX. 
.« 1 
i J 4 
TABLE - XXX 
Chemical s h i f t s of p ro tons of h l - I I I A and D ihyd ro lu t eo l i n t e t r a -
a c e t a t e . 
Assignment R I - I I I A D i h y d r o l u t e o l i n 
t e t r a a c e t a t e 
H-8 3 . 1 0 ( d , l H , J = 2 . 5 Hz) 3 .12Kd, lH,J=2.5 Hz) 
H-6 3 . 3 6 ( d , l H , J = 2 . 5 Hz) 3 . 3 8 ( d , l H , J = 2 . 5 Hz) 
H-2 4 . 5 5 ( q , l H , J , = 1 2 Hz, 4 . 5 7 ( q , l H , J , = 1 2 Hz, 
J2=4 Hz) ^ J2=4Hz) 
H-3^^ 6 . 7 7 ( q , l H , J , = 1 2 Hz, 6 . 79 (q , IH , J ,=12 Hz, 
®^  J2=17 Hz) ^ J2=17 Hz) 
H-3^^ 7 . 0 8 ( q , l H , J , = 4 Hz, 7 , 1 0 ( q , l H , J , = 4 Hz, 
^^ J2=17 Hz) ^ J2=17 Hz) ^ 
H - 2 ' , 5 ' , 6 ' 2.73(m,3H) 2.75(m,3H) 
OAc-5 7 .63(s ,3H) 7 .65(s ,3H) 
• O A c - 7 , 3 ' , 4 ' 7 .73(s ,9H) 7o75(s,9H) 
s = s i n g l e t , d = d o u b l e t , q = q u a r t e t , m = m u l t i p l e t ; Spectrum 
run in CDCI3 a t 60 MHz and TMS as i n t e r n a l s t andard = ^ 1 0 . 0 0 . 
The NK1R da ta of KI - I I IA v/ere comparable with d ihyd ro -
l u t e o l i n t e t r a a c e t a t e . R I - I I I was shown to be d i h y d r o l u t e o l i n . 
I t was f u r t h e r confirmed by dehydrogenat ion followed by methy-
l a t i o n wi th d i m e t h y l s u l p h a t e / p o t a s s i u m ca rbona te in dry acetone 
to g ive RI-IIIDM. The r e s u l t s of N/AR s p e c t r a of the dehydro-
genated p r o d u c t , RI-IIIDM and l u t e o l i n t e t r a m e t h y l e t h e r a re given 
in Table-XXXI. 
I J j 
TABLE - XXXI 
Chemical s h i f t s of p ro tons of hl-IIIDM and l u t e o l i n t e t r a m e t h y l 
e t h e r . 
Assignment 
H-8 
H-6 
H-3 
H-6 ' 
H-2' 
H-5 ' 
OMe-5,7 
0Me-:^ ' ,4 ' 
Rl-IIIDM 
3 . 3 5 ( d , l H , J = 3 Hz) 
3 . 6 5 ( d , l H , J = 3 Kz) 
3 . 4 5 ( s , l H ) 
2 . 5 0 ( q , l H , J , = 9 Hz 
J2=3 Hz) ^ 
2 . 6 5 ( d , l H , J = 3 Hz) 
3 . 0 5 ( d , l H , J = 9 Hz) 
6 .04 ,6 .08 ( s , 6H) 
6 .12 ,6 .18(s ,6M) 
Lu teo l in t e t r a m e t h y l 
e t h e r 
3 . 3 5 ( d , l H , J = 3 Hz) 
3 .84 (d , lH , J=3 Hz) 
3 . 7 0 ( s , l H ) 
2 . 5 5 ( q , l H , J , = 9 Hz, 
J2=3 Hz) 
2 . 6 5 ( d , l H , J = 3 Hz) 
3o20(d , lH,J=9 Hz) 
6 .08 ,6 .10 ( s , 6H) 
":>.15,6.20(s,6H) 
s = singlet, d = doublet, q = quartet; Spectrum run in CDCl- at 
60 MHz and Ti'v\S as internal standard = T 10.00. 
The structure of Rl-lll was assigned as 5,7,3',4'-
Tetrahydroxyflavanone (LXXlIIc). 
OH 
* ~ * a x - — 
HO, 
OH O "ax 
( LXXIIIc) 
iJo 
5,7,4'-Trihydroxyflavanone (RI-IV) 
M-IV was crystallized as pale yellow needles, 
m.p. 255-257 from benzene-ethylacetate. TLC examination of 
RI-IV indicated to be naringenin. The results of UV spectra 
are recorded in Table-XXXII. 
TAbLi. - XXXIl 
UV data of RI-IV and Naringenin 
Reagent RI-IV Naringenin 
289,326 sh 
245,323 
312,375 
311,371 
284 sh, 323 
290,332 sh 
MeOH 
NaOMe 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/H.BO^ 
287,324 sh 
243,321 
310,373 
309,369 
282 sh, 321 
288,330 sh 
The comparison of UV spectra of RI-IV in different 
159 
solvents showed it to be naringenin . The results of NMR 
of RI-IV and naringenin are given in Table-XXXIII. 
I Mi 
TABLE - XXXIII 
Chemical s h i f t s of p ro tons of RI-IV and narJnopnin 
Assignment Rl-IV ?Jarinqenin 
H-2' 
H-3 ' 
H-6, 
H-2 
H-3, 
OH-5 
, 6 ' 
, 5 ' 
8 
3 
, 7 , 4 ' 
2 . 66 (d ,2H, J=9 .5 Hz) 
3 .15(d ,2H,J=9 ,5 Hz) 
4o06(s ,b r ,2H) 
4 . 6 0 ( q , l H , J , = 1 2 Hz, 
J2=4 Hz) 
2 .68 (d ,2H, J=9 .5 Hz) 
3 .20(d ,2H,J=9 .5 Hz) 
4 . 0 8 ( s , b r , 2 H ) 
4 . 6 2 ( q , l H , J , = 1 2 Hz, 
J2=4 Hz) 
7 .24-7 .04(m,2H,J ,=12 Hz, 7 .26-7 .08(m,2H,J ,=12 Hz, 
J^=4 Hz,J^=17 Hz) J2=4 Hz,J3=17 Hzj 
- 3 . 9 8 ( s , 3 H ) - 3 . 9 6 ( s , 3 H ) 
s = singlet, d = doublet, q = quartet, m = multiplet; Spectrum 
run in CDCl^ at 60 MHz and TMS as internal standard = T 10.00. 
The values of NMR spectra of RI-IV and naringenin were 
found to be comparable (Table-XXXIIl). Thus the structure was 
assigned as 5,7,4'-Trihydroxyflavanone (LXXXIV). 
(LXXIV) 
CONCLUSION 
1 J ) 
LONCLUilGNS 
The following plants havr been investigated for flava-
noid and biflavanoid contents. The constituents identified are 
shown belov; each of them. 
1. LycopodiuiTi clavatum Linn. (Lycopodiaceae) 
From the acetone extracts of the leaves of Lycopodium 
clavatum Linn. , a new acyl?ted flavon-^  glycoside has bcm struc-
turally elucidated as apigenin-4'-C-(2",6"-di-0-p-coumaroyl)-p-
1 13 D-glucoside mainly by Mass, H- and C-NiVJ-i spectroscopy. 
2. Callitris qlauca ri.Br. (Cupressaceae) 
The acetone extracts of the leaves of i^ a^llitris nlauca 
R.Br, have been examined. The flavanoids, isolated and character-
ized, are given below. Those marked with aestrick are only 
detected. 
i) 3',4',5,7,8-Pentahydroxyflavone (Hypolaetin) 
ii) Amentoflavone 
iii) Sequoiaflavone 
iv) Hinokiflavone 
v) Di-0-methylamentoflavone 
vi) Kaempferol-5-O-rhamnoside. 
i j j 
Kaempferol-S-O-rhamnoside is a new naturally occurring 
glycoside. 
3. Garuqa pinnata Roxb. (Burseraceae) 
The only product isolated from the leaf extracts of 
G. pinnata ftoxb, has been characterized as amentoflavone. 
This constitutes the first example for the occurrence 
of a biflavone in Burseraceae family. 
4. Cunninqhamia lanceolata Hook. (5yn. C^. sJn'^psis) (Taxodiaceae) 
Examination of the phpnolic extractives of the leaves 
of Cunninqhamia lanceolata H. led to the isolation and character-
ization of the following biflavones. 
i) Amentoflavone 
ii) Hobustaflavone 
iii) Sequoiaflavone 
iv) Hinokiflavone 
v) Isocryptomerin 
vi) 1-7 ,II-7-Di-0-methylamentoflavone 
vii) Apigenin 
viii) Kayaflavone. 
it J 
nobustaflavone is being reported for the first time in 
Cunninghamia genus. 
5. nhus insignis Kook.f. (Anacaidiaceae) 
The flavanones isol^ + '^'i f-rr-- th^ -cptone extxacts of 
dried and powdered leaves of r^ hus insionis Hook. f. have been 
characteiized as : 
i) 3,7,3',4'-Tetrahydroxyflavanonc 
ii) 3,5,7,3',4'-PontahydroxyfJ avanone 
iii) 5,7,3*,4'-Tetrahydroxyflavanone 
iv) 5,7,4•-Trihydroxyflavanone. 
EXPERIMENTAL 
1 i JL 
EXPERIMENTAL 
All m.ps. were measured on a koflcr block and are 
uncorrected. Analytical and preparative TLC were performed 
on silica gel G (BDH), silica gel G (Stahl, Merck) or silica 
gel NCL (Poona) using benzene-pyridine-formic acid (BPF), 
36:9:5, and dichloroethane-ethylacetate-acetic acid (DEA), 
8:1:1 as developers. The H -NMR spectra were run on a Varian 
A-60 and JEOL 4H-100 spectrometers with V^S as the internal 
standard and the mass spectra were taken on an AEI M530 
13 instrument at an ionization energy of 70 eV. The C-NiiAR 
spectra were recorded on a JEOL F5 100 NMR spectrometer. All 
reagents used were of 'ANALAR' grade. 
The following five plants have been investinated in 
detail for the extraction and isolation of flavanoids and 
biflavanoids. 
1. Lycopodium clavatum Linn. (Lycopodiaceae) 
2. Callitris qlauca R.Br. (Cupressaceae) 
3. Garuqa pinnata Roxb. (Burseraceae) 
4. Cunninqhamia lanceolata Hook. (Taxodiaceae) 
»^ fthus insiqnis Hook. f. (Anacardiaceae) 
i !.C> 
Extraction of the leaves of Lycopodium clavatum Linn. 
(Lycopodiaceae) 
Leaves of Lycopodium clavatum Linn. (2 Kg) procured 
from Dow Hill (Kurseong), Darjeeling, INDIA, were completely 
exhausted with hot acetone. The combined acetone extracts were 
concentrated under diminished pressure. The dark viscous 
concentrate was extracted successively with light petrol,benzene 
and chloroform until the solvent in each case was almost colour-
less. The brownish gummy mass was then refluxed with ethyl-
acetate for 20 hrs and filtered. The filtrate was evaporated 
and dried under reduced pressure to give a dark brown residue 
(10 g) which responded to usual flavanoid colour tests. 
Purification of the extracts by chromatographic method 
A well stirred suspension of silica gel (200 g) in 
petroleum ether (40-60 ) was poured into a column (250 cm long 
and 50 mm in diameter). When adsorbent was well settled, the 
excess of petroleum ether was allowed to pass through the column. 
The dark brown solid (10 g) vas dissolved in acetone (25 ml) and 
was adsorbed on silica gel (15 g) in a china dish. The excess 
solvent was evaporated until a dry residue obtained. This 
adsorbed silica gel was transferred to the column. Elution was 
performed with the following solvents successively, petroleum 
ether, benzene and benzene-ethylacetate (9:1, 8:2, 7:3, 6:4 and 
X ( J 
5:5). The benzene-ethylacetate fractions (7:3, 6:4 and 5:5) 
gave positive colour tests for flavanoids. These three frac-
tions were combined and purified further by TLC (silica gel) 
using benzene-pyridine-formic acid (BPF, 36:9:5) to give a 
yellow mass (35C mg). This showed a single spot on TLC, labelled 
as LCI. 
Apigenin~4'-Q-(2 ,6'~di~Q-trans-p-coumaroyl)-D-glucoside (LCI) 
(LXIX) 
LCI was obtained as yellowish powder from ethylacetate-
petrol (300 mg), m.p. 254°; [a]^^= -119° (c, 0.13 in pyridine); 
R^ 0.15 (BPF); C3gH320j^^ (724.65) found: C = 64.75, H = 4.68, 
calcd: C = 64.64, H = 4.45; UV (MeOH)^ = 212, 232 (sh), 271 (sh), 
300 (sh), 314 nm; (MeOH + NaOAc) 277, 365 nm; (MeOH + AlCl^) 300, 
318, 384 nm. 
IR(KPr):'|) = 3340 (OH), 1685, 1650 (CO2H), 1600 (C=0), 1218, 1150, 
1075 (C-0), 826 (Ar) cm""^ . 
NMR (•'"H, DivlSO-d^  + TFA-d V/S int.): values on S scale 
8.01 ppm (d,J=9 Hz, H-2',6'); 7.70,7.62(d,J=16 Hz,H-7"' , 
7""); 7.59 (d,J=8 Hz,H-2"' , 6'" , 2"", 6""); 7.18 (d,J=9 Hz,H-3«,5'): 
6.88 (s,H-3); 6. 81,6. 82 (d , J=8 Hz,H-3"' ,5'" ,3"",5""); 6. 65 (d,J=16Hz, 
H-8'" ); 6.49 (d,J=2 Hz,H-8); 6.44 (d,J=16 Hz,H-8""); 6.25 (d,J=2Hz, 
H-6); 5.49 (d,J=7Hz,H-l" ); 5.09 (t,J=7 Hz,H-2"); 4.40 (m,H-6",6"); 
3.3-3.9 (m,H-3" ,4^,5"); 12.9 (s,0H-5). 
1 ( a 
NMRC-'-^C, DMSO-d,, IMS int.): values on S scale 
Sugar moiety : 63.4 ppm (C-6" ), 70.1 (C-4"), 73.0 (C-3")^, 73.7 
(C-5")^, 74.0 (C-2"), 97.2 (C-l"). 
Aqlycone moiety : 94.0 ppm (C-8), 99.0 (C-6), 103.7 (C-3), 104.0 
(C-10), 116.5 (C-3', C-5'), 124.4 (C-l«), 128.1 (C-2', C-6'), 
157.1 (C-9), 159.1 (C-4'), 161.2 (C-5), 162.6 (C-7), 164.1 (C-2), 
181.4 (C-4). 
p-Coumarate moiety : 113.8 ppm (C-s'" )'^, 114.8 (C-8"")'^, 115.7 
(C-3"' , C-5''' , C-3"", C-5"" ), 124.9 (C-l" , C-l'"), 130.2 (C-2'" , 
C-6'", C-2"", C-6""), 144.9 (C-7"', C-7""), 159.7 (C-4"', C-4""), 
165.5 (C-9 ) ^ , 166.2 (C-9 )^. 
a,b,c assignment reversible. 
LCI permethyl ether (LCIM) (LXIXa) : According to the method of 
139 Brimacombe , a dried sample of LCI (2 mg) was dissolved in D.MF 
(1 ml) dry solvent (water free). It was methylated by adding 
sodium hydride-powder (4 mg) and methyl iodide (2 ml) under N2-
atmosphere at room temperature. After one hour,the reaction 
mixture was extracted two times with 10 ml ether, washed with 
water several times and dried. It was subjected to mass spectro-
metryl^O. 
MS : m/e 808 M"*" (rel. int. 1-/.), 647 (2), 511 (8), 486 (1), 350 (4) 
298 (100), 189(61), 187(19), 178(77), 161(145),157(20), 155(25), 
133(78), 127(23), 111(88), 101(120), 89(54), 71(95), 45(62). 
iV.j 
Acid Hydrolysis of LCI : A methanolic solution of LCI was refluxed 
with 10/ aqueous HCl for 2 hrs. TLC (silica gel) indicated the 
presence of apigenin, R^ 0.29, trans-p-coumaric acid, R^ 0.47 and 
glucose'(GC of TMS derivative) using dichloroethane:ethyl acetate: 
acetic acid (8:1:1, solvent B). 
Alkaline iMethanolysis of LCI : A solution of LCI in absolute MeOH 
was treated with a catalytic amount of NaOMe solution {2'/.) and set 
aside over night. The solution was neutralized and evaporated to 
a syrup. The residue was extracted with dry ether. The ether 
soluble portion on evaporation gave methyl trans-p-coumarate 
(LXVIIl) (LCIb), Rj 0.70 (Dichloroethane:ethyl acetate:acetic acid, 
8:1:1) and the insoluble portion on concentration provided 
apigenin-4'-Op-D-glucoside (LCIa) (LXVIIa), R^ 0.10 (Dichloro-
ethane:ethylacetate:acetic acid, 8:1:1)„ 
Methyl-p-coumarate (LCIb) (LXVlll) 
N;/IR(-'-H, CDCI3, IMS int.): valu^ on S scale 
7.70 ppm (d, J=16 Mz, H-p); 7.48 (d, J=9 Hz, H-2,6); 
6.89 (d, J=9 Hz, H-3,5); 6.33 (d, J=16 Hz, H-a); 5.40 (br, OH-4); 
3.83 (s, OCH3). 
IR(KBr) : ^  = 3400 (OH), 1675 (C=0), 1620 (C=C) cm"""-. 
we : m/e 178 M"^  (rel. int. 53^), 147 (lOO), 119 (50), 91 (52), 
69 (26), 55 (28). 
1 « Kl 
Apiqenin~4'-0-3-D-qlucosic[e (LXVIla) (LCIa) : UV (VieOH) A =270, 
311 nm; (MeOH + NaOAc) A =278, 295 (sh), 360 nm; (MeOH + AlCl^) 
;\ =258 (sh), 280, 300, 335, 382 nm. 
Apiqenin~4*-0-g-D-qlucoside permethyl ethrr (LXVIIb) : The 
permethyl ether was prepared according to thr method of Brima-
139 
combe and worked up as usual. 
MS : m/e 516 M"^  (rel. int. 9'A), 298 (100), 269 (15), 213 (25), 
187 (96), 155 (44), 127 (48), 111 (117), 101 (132), 89 (62), 75 
(65), 73 (40), 71 (88), 45 (97). 
Apiqenin'-5.7~di-0-methyl ether : Hydrolysis of the apigenin-4'-
0-p-D-glucoside permethyl ether with acid resulted in the isola-
tion of apigenin-5,7-di-0-methyl ether. 
UV (MeOH) >^  =264, 324 nm; (MeOH + NaOMe) "X =264, 375 nm; 
(MeOH + Al^l^) X =264, 303, 328, 395 nm. 
MS : m/e 298 M"^  (rel. int. lUQ-/.), 297 (55), 269 (35), 267 (20), 
252 (27), 225 (11), 167 (8), 151 (6), 121 (10), 118 (13). 
LCI hexa-0-acetate (LCIA) (LXlXb) : A mixture of LCI (200 mg), 
pyridine (1 ml) and acetic anhydride (2 ml) was heated on a water 
bath for 2 hrs. The reaction mixture was cooled and poured on to 
cl-ushed ice. The white solid was filtered off, washed with water 
and dried. The acetate crystallized as colourless cubes (120 mg) 
from CHCl^-MeOH, m.p. 231°. 
il i 
IR (KBr) ^ = 1750, 1720 (CO^R), 1640 (C = O) cm~^. 
NMR ("^H, CDCI3, Tito int.): Values on S Scale : 7.76 ppm (d, 
J=16 Hz, H-7'" ); 7.76 (d, J=9 Hz, H-2',6'); 7.71 (d, J=16 Hz, 
H-7"" ); 7.56 (d, J=9 Hz, H-2'" ,6'" ,2"" ,6"" ); 7.29 (d, J=2 Hz, 
H-8); 7.15, 7.12 (d, J=9 Hz, H-3',5',3'" ,5'" ,3"" ,5"" ); 6.88 
(d, J=2 Hz, H-6); 6.52 (s, H-3); 6.39 (d, J=16 Hz, H-S'" ,8"" ); 
5.08-5.65 (m, H-l" ,2" ,3" ,4"); 4.44 (m, H-6",6"); 4.11 (m, H-5" ); 
2.45 (s, OAc-5); 2.34, 2.30 (s, OAc-7,4'" ,4"" )j 2.08,2.03 (s, 
0Ac-3",4"). 
MS : (El 70 eV, 2 KV, 300 ^A, ST 250°; DE 240°, 10~^T), m/e 623 
(rel. int. 2-/.), 581 (l), 539 (l), 500 (1), 477 (4), 458 (3), 435 
(3), 416 (6), 354 (7), 342 (6), 312 (23), 300 (24), 271 (24), 
270 (100), 242 (14), 241 (13), 229 (2), 213 (4), 190 (6), 189 
(50), 169 (5), 163 (30), 153 (24), 147 (75), 119 (25), 118 (27), 
109 (8), 91 (20), 69 (28). 
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Extraction of flavones and biflavones from the leaves of 
Callitris qlauca K.Br. (Cupressaceae) 
Callitris qlauca R.Br. (Cupressaceae) was procured from 
Forest Kesearch Institute, Deliradun (U.P. ), India. The dried and 
powdered leaves (2.5 Kg) were completely exhausted with hot 
acetone and the acetone extracts were concentrated first at atmos-
pheric pressure and then under reduced pressure. A gummy dark 
green mass was obtained. This was treated with petroleum ether 
(60-80 ) and benzene till the solvent in each case was almost 
colourless, to remove nonflavanoidic and resinous matter. The gummy 
mass was refluxed with ethylacetate for 20 hrs and filtered. The 
filtrate was evaporated to dryness and the residue treated with hot 
water. The water insoluble mass was dissolved in alcohol and dried 
under reduced pressure to give a dark green residue (12 g) which 
responded to the usual colour tests for flavanoids. 
Purification of water insoluble flavanoid mixture by column 
chromatography 
The crude flavanoid mixture (12 g) was adsorbed on silica 
gel (15 g) and transferred over to a column of silica gel (225 g) 
set with petroleum ether (60-80°). The column was eluted with 
organic solvents in the increasing order of polarity. The results 
are given in Table-XXXIV. 
TABLE - XXXIV 
1 I J 
S.No. Solvent Nature of the prodluct 
1 Petroleum ether (60-80°"») 
2 Benzene 
3 Benzene-Ethylacetate (7:3) 
4 Benzene-Ethylacetate (3:2) 
5 Benzene-Ethylacetate (1:1) 
6 Benzene-Ethylacetate (1:2) 
7 Ethylacetate 
8 Acetone 
9 Ethylalcohol 
Greenish gummy mass 
Green waxy product 
Yellow solid 
Yellow solid 
Yellow solid 
Yellow solid 
Yellowish brown solid 
Brown solid 
Brown gummy mass 
The fraction obtained with benzene-ethylaceate, ethyl-
acetate and acetone gave usual flavanoid colour tests. They were 
combined and the solvent distilled off to give yellowish brown 
residue (2.5 g). 
Separation of flavanoid mixture - preparative thin layer 
chromatography 
The glass plates (40x20 cm) were coated with a well 
stirred suspension of silica gel G (BDH) using thin layer 
spreader, (Toshniwal-India). The coated layer of silica gel was 
approximately 0.5 mm thick. After drying for two hrs at room 
iJj 
temperature, the p la tes were act ivated at 120 for one hour and 
preserved in a desiccator u n t i l required. 
The complexity of thr yellowish brown residue obtained 
af ter pu r i f i ca t ion by column chromatograohy was examined by TLC 
using the following solvent systems : 
(a) Benzene-pyridine-formic acid (BPF; 36:9 :5) . 
(b) Toluene-ethylfoimate-formic acid (TEF; 5 :4 :1) , 
(c) Toluene-pyridine-acet ic acid (TPA; 10:1 :1) . 
(d) Benzene-ethylacetate-acet ic acid ( 8 : 5 : 2 ) . 
(e) Chloroform-ethylacetate (1 :1 ) . 
In solvent system (a), the flavanoid mixture showed 
four compact brown spots in UV light. They were labelled as 
CGI, R^ 0.05; CGIl, R^ 0.18 ; CGIII, R^ 0.37 and CGIV, R^ 0.54. 
The differences in R^ values were so marked as to make it the 
developing system of choice for preparative thin layer chromato-
graphy. This solvent system was used for all tho subsequent 
separations for the flavanoids. 
The yellowish brown residue was dissolved in pyridine 
and the obtained solution {byi) was applied to plates (40x20 cm) 
with the help of mechanical applicator (Desaga, Heidelberg) 
2 cm. from the lower edge of the plates. The plates mounted on 
stainless steel frames were placed in a Desaga glass chamber 
(45x22x25 cm) containing 500 ml of the developing solvent 
i 
(benzene-pyridine-formic acid, 36:9:5). VJhen the solvent front 
travelled 15 cm from the starting line, thp development was 
interrupted and plates were dried at room temperature. The posi-
tions of the bands were marked in UV light. The marked pigment 
zones were scraped with the help of a spatulla and eluted in 
separate columns with dry acetone. The solvent was recovered 
till the eluents were reduced to 20-30 ml. The addition of water 
yielded yellow precipitate in each case. The precipitate was 
filtered, washed with water several times and dried. The homo-
geniety of the pigments was checked by TLC using five solvent 
systems already listed. The four pure components were obtained 
as CGI (50 mg), CGII (400 mg), CGlll (200 mg) and CGIV (30 mg). 
The complexities of all the fractions CGI, CGII, CGIII 
and CGIV were studied by TLC examination of their fully methyla-
ted products. 
3',4',5,7,8-Pentahydroxyflavone (Hypolaetin) (CGI) 
It was crystallized from ethanol as yellow needles 
(20 mg), m.p. 300°, R^ 0.05 (BPF). 
3',4*,5,7,8-Pentamethoxyflavone (CGlAp 
CGI (20 mg), dry acetone (100 ml), anhydrous potassium 
carbonate (0.5 g ) and dimethyl sulphate (0.5 ml) were refluxed 
on water bath for about 30 hrs. Refluxing continued until it 
'-"'-/ 1 J 
gave a negative ale. FeCl_ test. It was th^^^n filtered and the 
residue washed sevoral times with hot acetone. The filtrate and 
washing were combined and evaporated to dryness. The yellow 
residue washed 2-3 times with petroleum ether and then taken in 
chloroform (50 ml) and washed several times with water. The 
chloroform solution dried over anhydrous sodium sulphate, concent-
rated and purified by column chromatography. It was crystallized 
from CHCl^-MeOH to give 3',4',5,7,8-Pentamethoxyflavone as colour-
less plates (15 mg); m.p. 195 (li 
XMeOH 250, 275 and 340 nm. 
° t}^^ m.p. 192-193°); R^ 0.51 
NMR (CDCI3): Values on T Scale : 
2.42 (IH, q, J=9.2 Hz, H-6'); 2.59 (IH, d, J=2 Hz, H-2'); 
3.02 (IH, d, J=9 Hz, H-5'); 3.40 (IH, s, H-3); 3.57 (IH, s, H-6); 
6.14 (15H, 50Me). 
MS : Main peaks, M"^  372 (64), m/e 357 (100), 344 (20), 328 (24), 
299 (12), 210 (8), 195 (16), 172 (10), 167 (32), 165 (12), 162 
(8), 149 (32). 
CGII : It was found to be the mixture of amentoflavone and other 
two minor components by TLC examination of CGII and its complete 
methyl ethers. The minor components were not identified. 
1J j 
1-4',II-4',1-5,11-5,1-7,II-7-Hexa-0-methyl[l-3',II-8]biflavone 
(CGIIM) 
A mixture of CGII (100 mg), anhydrous potassium carbo-
nate (2 g) and dimethylsulphate (1 ml) in dry acetone (400 ml) 
was refluxed on a water bath for 10 hrs. The mixture on usual 
work up and purification by preparative TLC yielded a white solid 
which crystallized from CHClo-MeOH to give hexamethyl ether of 
amentoflavone as colourless cubes (40 mg); m.p. 226-227 (lit. 
m.p. 228°); R^ 0.40 (BPF). 
NMR (CDCI3): Values on T Scale 
2.17 (IH, d, J=3 Hz, H-I-2'); 2.14 (IH, q, Jj^ =9 Hz, 
3^=3 Hz, H-I-6'); 2.63 (2H, d, J=9 Hz, H-Il-2•,11-6'), 2.88 (IH, 
d, J=9 Hz, H-I-5'); 3.38 (IH, s, H-II-6), 3.26 (2H, d, J=9 Hz, 
H-II-3',5'); 3.54 (IH, d, J=3 Hz, H-I-8); 3.44, 3.49 (2H, s, 
H-I-3,II-3); 3.68 (IH, d, J=3 Hz, H-I-6); 6.26 (6H, s, 1-4', 
II-4'); 6.08, 5.95 (6H, s, H-l-5,II-5); 6.17, 6.12 (6H, s,H-I-7, 
II-7). 
CGII (200 mg) was subjected to COD separation between 
ethylmethylketone and a borate buffer (pH 9.80). The main part 
was recovered (150 mg) and labelled as CGIIX. 
J M 
1-4',11-4',1-5,11-5,1-7,II-7-Hexaacetoxy[l-3',II~8]biflavone 
(CGIIXA) 
A solution of CGIIX (60 mg) in Pyridine (0.5 ml) and 
acetic anhydride (1 ml) was heated on a water bath for 2 hrs. 
The mixture on usual workup and crystallization from CHClo-MeOH 
gave colourless cubes of amentoflavone hexaacetate, m.p. 241-42 
(litP^ m.p. 240°). 
NMR (CDCI3): Values on T Scale 
1.97 (IH, d, J=3 Hz, H-I-2'); 2.06 (IH, q, J^=9 Hz, 
J2=3 Hz, H-l-6'); 2.50 (2H, d, J=9 Hz, H-II-2',11-6'); 2.52 (IH, 
d, J=9 Hz, H-I-5'); 2.99 (IH, s, H-ll-6); 2.94 (2H, d, J=9 Hz, 
H-II-3',II-5'); 2.74 (IH, d, J=3 H2 H-I-8); 3.23, 3.34 (2H, s, 
H-I-3,II-3); 3.18 (IH, d, J=3 Hz, H-I-6); 7.76, 7.96 (6H, s, 
I-4',II-4'); 7.53, 7.57 (6H, s, H-I-5,II-5); 7.70, 7.20 (6H, s, 
H-I-7,II-7). 
CGIII : The fraction C3III was found to be the mixture of mono-
methyl ether of amentoflavone and hinokiflavone (minor) by TLC 
examination of CGIII and its completely methylated products 
Q O 
(Rj value and characteristic shade in UV light ). CGIII on 
acetylation and then fractional crystallization gave an acetate 
CGIIIA which was analysed as I-7-O-methylamentoflavone penta-
acetate. 
1,4',11-4',1-5,II-5,II-7-Pentaacetoxy-I-7-0-me thyl[l~3'>11-8] 
biflavone (CGIIIA) 
CGIII (30 mg), pyridine (0.3 ml) and acetic anhydride 
(0.5 ml) were refluxed on a water bath for 2 hrs. The reaction 
mixture was cooled to room temperature and poured on to crushed 
ice. The solid product was filtered, washed with water and 
dried. On repeated crystallization from CHCl^-MeOH, it gave 
colourless cubes (20 mg), m.p. 244 (lit. m.p. 245 ). 
NMR (CDCI3): Values on Y Scale 
1.96 (IH, d, J=3 Hz, H-I-2'); 2.04 (IH, q, J^=9 Hz, 
J2=3 Hz, H-I-6'); 2.48 (2H, d, J=9 Hz, H-II-2' ,11-6'), 2.55 (IH, 
d, J=9 Hz, H-1-5'); 3.00 (IH, s, H-II-6); 2.92 (2H, d, J=9 Hz, 
H-II-3',lI-5'); 3.22 (IH, d, J=3 Hz, H-I-8); 3.35, 3.36 (IH, each 
s, H-I-3,II-3); 3.41 (IH, d, J=3 Hz,"H-ll6); 7.70, 7.76 (6H, s, 
H-I-4',II-4'); 7.52, 7.58 (6H, s, H-1-5,II-5); 6.16, 7.96 (6H, s, 
H-I-7,II-7). 
CGIV : The minor fraction CGIV was methylated using dimethyl 
sulphate and potassium carbonate in dry acetone. TLC examination 
of the methylated product showed one spot in UV light, correspond-
ing to hexamethyl ether of amentoflavone. Thus CGIV was found to 
be dimethyl ether of amentoflavone (R^ value and shade in UV 
light). 
1 J J 
Water soluble fraction 
The water soluble portion was extracted with ethyl-
acetate and the solvent evaporated. The residue gave two spots 
labelled as Cgl and Cgll, checked on TLC polyamide (Woelm) using 
ethylmethylketone-toluene-acetic acid-methanol-water (80:10:2:5:6) 
as the developing solvent system. 
Glycoside from 'water soluble fraction of Callitris qlauca R.Br, 
The ethylacetate extract of Callitris qlauca R.Br, was 
treated with hot water. The water soluble fraction was extracted 
with ethylacetate. The process was repeated three times till the 
aqueous solution was almost colourless. The ethylacetate extracts 
were combined and the solvent evaporated. The semi solid mass 
left behind was marked as Cg. 
Chromatographic examination of Cq 
The methanolic solution of Cg was subjected to chromato-
graphic analysis on VJhatmann no.l filter paper employing both the 
ascending and the descending techniques. The following solvent 
systems were used. 
1 ) l 
1. Butanol:acet ic acid:water (4 :1 :5 ) . 
2 . Butanol :acet ic acid:water (6 :1 :2 ) . 
3. Acetic acid : water(30:70) . 
4. Acetic acid : water (20:80)„ 
The chromatograms were run for 12 hrs. After drying 
at room temperature the chromatograms on examination under UV 
light revealed only one spot. 
Thin layer chromatographic plates (5x20 cm) of 0.5 mm 
thickness were prepared by the usual methods using polyamide 
(Woelm). The spot of Gg in methanol was applied to the starting 
line and the plates were run with the solvent systems as follows. 
1. Methanol: acetic acid:water {l\NH) (90:5:5). 
2. Ethylmethylketone: toluene: acetic acid:methanol:water (ETAA.M) 
(80:10:2:5:6). 
The plates were run to the distance of 15 cm removed 
from the tank and dried. On examination under UV light the 
chromatogram showed the presence of two bands in solvent system 
number 2. They were labelled as Cgl, R^ 0.83 (major) and Cgll, 
R^ 0.65 (minor). 
Separation of Cg by column chromatography 
The semi solid mass Cg was dissolved in methanol, 
adsorbed on silica gel and transferred over to a column of 
i J ) 
silica gel set with petroleum ether (60-80°). The elution was 
performed successively vith petrol (60-80°), benzene, chloroform, 
benzene-ethylacetate^90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 
30:70, 20:80) and ethylacetate. The benzene-ethylacetate 
fraction (40:60) gave a single spot (Cgl) on TLC polyamide 
(Woelm). The second fraction obtained with the same solvent 
system (30:70) gave a minor component as yellow solid mass (Cgll). 
The fractions thus separated were tested for homogeniety by TLC 
on polyamide (Woelm) using the same solvent systems as before. 
Both the fractions gave the tests for flavanoid. Cgll being a 
minor component was not identified. 
Kaempferol-5-O-rhamnoside (Cgl) 
The fraction Cgl was crystallized from ethylacetate to 
give yellow crystals, (50 mg) , m.p, 198°, R^ 0.83 (ET.-UV,,') on 
polyamide (VJoelm). 
Kaempferol (CglK) 
An alcoholic solution of Cgl (10 mg) was heated with 
&•/. aqueous hydrochloric acid on water bath. The heating was 
continued for one hr to ensure complete hydrolysis. After leaving 
for 1 hr at room temperature, the yellow solid (CglK), thus 
separated out was filtered, washed well with water and dried. It 
was crystallized from methanol as yellow needles (5 mg), m.p, 
275-278°, R. 0.54 (BPF). 
ii)i 
Chromatographic Identification of Sugar 
The filtrate Vvas passed through polyamide column to 
remove aglycone matter. The filtrate was concentrated on watch 
glass to a syrup. The sugar was identified by paper chromato-
graphy on Whatmann no.l filter paper using ethylacetate:pyridine: 
water (12:5:4) with authentic sugar. The spraying reagent was 
prepared by dissolving 1 g of aniline and 1.66 g of phthalic acid 
in 100 ml butanol saturated with water and sprayed the filter 
paper. The chromatogram on drying at 100-105° showed the presence 
of rhamnose only, 
5-Q-rhamnosyl-3,7,4'-trimethoxyflavone (CglM) 
A mixture of Cgl (40 mg), anhydrous potass3um carbonate 
(1 g) and dimethyl sulphate (0.5 ml) in dry acetone (150 ml) was 
refluxed on a water bath for 10 hrs. The mixture on usual work-
up yielded yellow solid which crystallized from CHCl2-MeOH to 
give (CglM) as yellow needles (35 mg), m.po 120 . 
3,7,4*-Trimethoxy-5-hydroxyflavone (CglMa) 
An alcoholic solution of Zglh\ (35 mg) was refluxed 
with 6'/. aqueous hydrochloric acid on water bath for tv/o hrs. 
After usual work up, yellow solid residue was obtained which 
crystallized fro:Ti CHCl^-MeOH to give (CglMa) yellow cubes 
(30 mg), m.p. 140-143° (litf^^ m.p. 144-147°). 
ijj 
3 ,7 ,4 ' -T i r ime thoxy-5-ace toxyf lavone (CglMaA) 
A mixture of CglMa (25 mg), p y r i d i n e (0 .5 ml) and 
a c e t i c anhydr ide (0 .5 ml) was heated on a water bath for 2 h r s . 
The r e a c t i o n mixture on u sua l work up and c r y s t a l l i z a t i o n from 
CHCl^-MeOH gave c o l o u r l e s s cubes CglMaA, m.p. 135-136°. 
NMR (CDCl-): Values on T Sca le 
1.76 (2H, d, J=9 Hz, H - 2 ' , 6 ' ) ; 2 .82 (2H, d, J=9 Hz, 
H - 3 ' , 5 ' ) ; 3.14 (IH, d, J=2 .5 Hz, H-8); 3 .40 (IH, d, J=2 .5 Hz, 
H-6) ; 7 .54 (3H, 5-OAc); 6 .10 , 6.14 (9H, 3 , 7 , 4 ' - 0 M e ) . 
iJl 
A biflavone from the leaves of Garuqa pinnata Roxb. (Burseraceae) 
Dried and powdered leaves of Guruqa pinnata iioxb. 
(1.5 Kg) v.'ere completely exhausted with boiling acetone. The 
combined acetone extracts were concentrated to give a dark 
viscous mass. This was refluxed successively with petroleum 
ether (60-80°), benzene, chloroform and ethylacetate till the 
solvent in each case was almost colourless. The ethylacetate 
fraction was treated with hot water and the insoluble portion 
was dissolved in ethanol and dried under reduced pressure. A dark 
brown residue (4 g ) thus obtained responded to the usual colour 
tests for flavanoids. 
The crude dark brown residue (4 g ) was dissolved in 
dry acetone and the solution added to a column containing silica 
gel as adsorbent in petroleum ether. After development of the 
column, it was cluted with organic solvents in the increasing 
order of polarity, i.e. petroleum ether (60-80 ), benzene, 
chloroform and ethylacetate-benzene (1:9, 2:8 and 3:7). The 
fraction obtained with ethylacptnte-benzene (3:7) gove the usual 
flavanoid colour tests. This vas further purified by preparative 
TLC (silica gel) using benzene-pyridine-formic acid (36:9:5) as 
the developing solvent system. The yellow solid (0,2 g) obtained, 
gave a single spot on TLC and labelled as GPI, h^ 0.18, m.p.>320°. 
Methyl3tion (GPI) 
GPI (80 mg) was methylated using dimethyl sulphate 
(0.5 ml) and potassium carbonate (2 g) in 250 ml of dry acetone. 
The methylated product on TLC examination showed the presence of 
amentoflavone hexamethyl ether (R^ values and characteristic 
fluorescence in UV light). This was purified by preparative thin 
layer chromatography and labelled as GPIM. 
1-4',11-4',1-5,11-5,1-7,Il-7-Hexa-0-methyl[l-3',ll-8]biflavone 
(GPIM) 
It was crystallized as colourless needles (50 mg) from 
CHCl3-Me0H; m.p. 181-182° (lit?"*- m.p. 170-171°), R^ 0.40. 
NMh (CDCI3): Values on T Scale 
2.18 (IH, d, J=3 Hz, H-I-2'); 2.06 (IH, q, Jj^ =3 Hz, 
J2=8.5 Hz, H-I-6'); 2.64 (2H, d, J=8.5 Hz, H-II-2',6'); 2.91 
(IH, d, J=8.5 Hz, H-I-5'); 3.26 (2H, d, J=8.5 Hz, H-11-3',5'); 
3.54 (IH, d, J=3 Hz, H-I-8); 3.68 (IH, d, J=3 Hz, H-1-6); 3.38 
(IH, s, H-Il-6); 3.44, 3.50 (IH pach, s, H-I-3,II-3); 5.94, 6.08, 
6.11, 6.18, 6.25, 6.28 (18H, 60Me). 
iJj 
1-4',11-4',1-5,11-5,1-7,II-7-Hexaacetoxy[l-3',II-8]biflavone(GPIA) 
A solution of 3P1 (80 mg) in pyridine (0.5 ml) and 
acetic anhydride (1 ml) was heated on a water bath for 2 hrs. 
The mixture on usual work up and crystallization from CHCl^-MeOH 
gave colourless needles of amentoflavone hexaacetate (60 mg) 
m.p.242-243° (litJ"^  m.D.235°). 
Ni'jlR (CDCI3): Values on T Scale 
1.99 (IH, d, J=3 Hz, H-I,2'); 2.05 (IH, q, J^=3 Hz, 
J2=8.5 Hz, H-I-6'); 2.52 (2H, d, J=8.5 Hz, H-lI-2',6'); 2.56 
(IH, d, J=8.5 Hz, H-I-5'); 2.96 (2H, d, J=8.5 Hz, H-11-3',5'); 
2.77 (IH, d, J=2.5 Hz, H-I-8); 3.10 (IH, d, J=2.5 Hz, H-I-6); 
3.01 (IH, s, H-II-6); 3.30, 3.35 (IH each, s, H-I-3,lI-3); 7.54, 
7.60, 7.72, 7.77, 7.95, 7.98 (18H, 60Ac). 
1 i 
Extraction of biflavanoids from the leaves of Cunninqhamia 
lanceolata Hook. (Taxodiaceae) 
Dried and powdered leaves (1.5 Kg) of Cunninqhamia 
lanceolata Hook, procured from Darjeeling (W.B., India) were 
completely exhausted with petroleum ether (40-60 ) and then with 
boiling acetone. From the acetone extract, on recovery of the 
solvent, a gummy dark green mass was obtained. This was refluxed 
with petroleum ether (40-60 ), benzene and chloroform till the 
solvent in each case was almost colourless. The residue left 
behind was then treated with boiling water. The insoluble dark 
brown gummy mass was refluxed with ethyl acetate for 8-10 hrs and 
filtered off. The filtrate was concentrated to give a dark brown 
solid (2 g). It was further purified by column chromatography 
(silica gel). The column was eluted successively with petroleum 
ether (40-60°), benzene, chloroform and benzene-ethyl acetate 
(1:1 and 1:2). The last tvvo fractions were combined and solvent 
was distilled off. A yellowish brown solid (1 g) thus obtained 
on TLC examination (BPF; 36:9:5) showed the presence of five 
compact brown spots in UV light. It was, therefore, subjected to 
preparative TLC (silica gel, E. Merck) and the five bands were 
separated and labelled as CLI (K^ 0.17, 150 mg); CLIl (R^ 0.37, 
150 mg); CLIII (R^ 0.50, 40 mg); CLIV (R^ 0.54, 120 mg) and CLV 
(Rj 0.61, 30 mg). 
iJd 
CLl : CLI (120 mg) on methylation using dimethylsulphate and 
potassium carbonate in dry acetone gave two methyl ethers which 
were worked up as described earlier. They were separated by PLC 
(silica gel) and marked as CLIMI, 80 mg and CLIMII, 25 mg. TLC 
examination of CLI and its complete methyl ethers (CLIMI and 
CLIMII), shovjed it to be a mixture of amentoflavone and robusta-
flavone. 
1-4',II-4',1-5,11-5,1-7,Il-7-Hexa-C-methyl[l-3',II-8]biflavone 
(CLIMI) 
It was crystallized from CHCl^ -MeOi-I as colourless 
needles (50 mg), m.p. 226-227°. 
m\ti (CDCI3): Values on T Scale 
3.54 (d, IH, J=2.5 Hz, H-I-8); 3.68 (d, IH, J=2.5 Hz, 
H-I-6); 3.37 (s, IH, H-II-6); 3.50, 3.43 (s, IH each H-I-3,II-3); 
2.06 (q, IH, Jj^ = 3 Hz, J2=9 Hz, H-I-6'); 2.15 (d, IH, J=3 Hz, 
H-I-2'); 2.89 (d, IH, J=9 Hz, H-1-5'); 2.62 (d, 2H, J=9 Hz, 
H-II-2',6'); 3.27 (d, 2H, J=9 Hz, H-II-3',5'); 5.94 (3H, OiMe-
II-5); 60O8 (3H, OfAe-I-5); 6.10, 6.18 (6H, OMe-1-7,11-7); 6.20, 
6.24 (6H, 0Me-I-4',II-4'). 
1 ' 0 
1-4',11-4' ,1-5,11-5,1-7,II~7-Hexa-0-mcthyl[l-3',II-6]biflavone 
(CLIMIl) 
The minor band CLIMIl on crystallization from CHCl^-
MeOH gave colourless needles (15 mg) m.p. 305-308°. 
RMR (CDCl^): Values on T 3cale 
2.98 (d, 2H, J=9 Hz, H-11-3',5'); 2.91 (d, IH, J=9 Hz, 
H-I-5'), 2.31 (d, 2H, J=9 Hz, H-II-2*,6'); 2.19 (d, IH, J=2.5 Hz, 
H-I-2'); 2.13 (q, IH, J^=2.5 Hz, J2=9 Hz, H-I-6'); 3.42 (d, IH, 
J=2.5 Hz, H-I-8); 3.12 (s, IH, H-II-8); 3.35 (s, 2H, H-I-3,II-3); 
3.65 (d, IH, J=2.5 Hz, H-I-6); 6.12, 6.14, 6.12, 6.18, 6.07, 6.39 
(s, 3H each, OMe-II-4',1-4',1-7,11-7,1-5,11-5 respectively). 
CLII : CLll \Nas methylated \with Me230V^^2^^3 "^^  ^^^ acetone and 
was found to be the mixture of hinokiflavone and monomethyl ether 
of amentoflavone by TLC examination of CLII and its completely 
methylated products. The methyl ethers were separated by prepa-
rative TLC to give pure methyl ethers CLIli.iIand CLIIMIl, 
CLII (150 mg) when subjected to CCD separation between 
ethylmethyl ketone and borate buffer (pH 9.6) yielded two compo-
nents CLIIX (80 mg) and CLIIY (35 mg). 
1-4',11-4',I-5,II-5,II-7~Pentaacetoxy-I-7~0-methyl[l-3',11-8] 
biflavone (CLIIXA) 
CLIIX (40 mg) was acetylated with pyridine and acetic 
anhydride and worked up as usual. It was crystallized from 
CHClg-MeOH (30 mg) m.p. 243°. 
NMH (CDCl^): Values on T Scale 
1.96 (d, IH, J=3 Hz, H-I-2'); 2.06 (q, IH, Jj^ =9 Hz, 
J2=3 Hz, H-I-6'); 2.50 (d, 2H, J=9 Hz, H-II-2' ,11-6'); 2.54 
(d, IH, J=9 Hz, H-I-5'); 3.00 (s, IH, H-II-6); 2.94 (d, 2H, J= 
9 Hz, H-II-3',II-5'); 3.22 (d, IH, J=3 Hz, H-I-8); 3.34, 3.36 
(s, IH each, H-I-3,II-3); 3.41 (d, IH, J=3 Hz, H-I-6); 7.92, 
7.96 (s, 6H, H-I-4',II-4'); 7.52, 7,56 (s, 6H, H-I-5,II-5); 6.16, 
7.74 (s, 6H, H-I-7,II-7). 
II-4',I-5,II-5,I-7,II-7-Penta-0-methyl[l-4'-0-II-6]biflavone 
(CLIIMII) 
It was crystallized from CHCl^-MeOH as colourless 
needles (20 mg), m.p. 260-261°. 
NMft (CDCl^): Values on y Scale 
3.66 (d, IH, J=2.5 Hz, H-I-6); 3.46 (d, IH, J=2.5 Hz, 
H-I-8); 3.44 (s, IH, H-II-8); 3.42* (s, IH, H-I-3); 3.40* (s, IH, 
iJ) 
H-II-3); 2.04 (d, 2H, J=8.5 Kz, H-I-2',1-6'); 2.14 (d, 2H, J= 
8.5 Hz, H-II-2',II-6'); 3.04 (d, 2H, J=8.5 Hz, H-I-3',1-5'); 
2.94 (d, 2H, J=8.5 Hz, H-II-3',11-5'); 6.06-6.12 (s, 15H, OMe-
II-4',1-5,11-5,1-7,11-7). 
Alternative assignment is possible. 
Il-4« ^ 1,5,11-5,1-7,II-7-Pentaacetoxy [l-4'-0-II-6]biflavone 
(CLIIYA) 
CLIIY (30 mg), pyridine (0.5 ml) and acetic anhydride 
(1 ml) was refluxed on a water bath for 2 hrs. The reaction 
mixture was poured on to crushed ice and left over night. The 
solid was filtered, washed with water and dried. 
It was crystallized from CHCl--MeOH as colourless 
cubes (25 mg), m.p. 236-240°. 
NMR (CDCl^): Values on T Scale 
3.08 (d, IH, J=2 Hz, H-I-6); 2.49 (d, IH, J=2 Hz, 
H-I-8); 2.80 (s, IH, H-II-8); 3.24* (s, IH, H-I-3); 3.34* 
(s, IH, H-II-3); 2.00 (d, 2H, J=9.5 Hz, H-I-2',6'); 2.04 (d, 
2H, J=9.5 Hz, H-II-2',6'); 3.75 (d, 4H, J=9.5 Hz, H-I-3',5' and 
II-3',5'); 7.57, 7.66, 7.75, 7.88, 7.89 (s, 3H each, 5-OAc). 
Alternative assignment is possible. 
i jy 
CLIII : CLIII was found to be a monomethyl ether of hinokifla-
vone by TLC examination of CLIII and its complete methyl ether. 
CLIII (40 mg) on derivatization gave an acetate (CLIllA) as usual. 
II-4',I~5,II~5,I-7~Tetraacetoxy-II-7-0-methyl[l-4'-01I-6] 
biflavone (CLIIIA) 
It was crystallized from CHCl--MeOH as colourless 
needles (30 mg), m.p. 213-214°. 
NMR (CDCI3): Values on T Scale 
3.18 (d, IH, J=2.5 Hz, H-I-6); 2.70 (d, IH, J=2.5 Hz, 
H-I-8); 2.98 (s, IH, H-II-8); 3.40 (s, IH, H-1-3); 3.44 (s, IH, 
H-II-3); 2.10 (d, 2H, J=9 Hz, H-I~2',6'); 2.24 (d, 2H, J=9 Hz, 
H-II-2',6'); 2.99 (d, 2H, J=9 Hz, H-I-3',5'); 2.76 (d, 2H, J= 
9 Hz, H-II-3',5'); 6.13 (s, 3H, OMe-II-7); 7.70 (6H, OAc-I-5, 
II-5); 7.76, 7.63 (s, 3H each, 0Ac-I-7.,II-4'). 
CLIV : CLIV was methylated using dimethyl sulphate and potassium 
carbonate in dry acetone. The methylated mixture by TLC examina-
tion showed the presence of amentoflavone hexamethyl ether and 
apigenin trimethyl ether (R^ values and characteristic fluores-
cence in UV light)^^. 
The CCD separation of CLIV (100 mg) between ethyl 
methyl ketone and borate buffer (pH 9.5) gave the following two 
fractions, CLIVX and CLIVY. CLIVX and CLIVY were characterized 
as I-7,II-7-di-0-inethylamentoflavone and apiaenin by NMR studies 
of their acetate respectively. 
I-4',II-4',I-5,II-5-Tetrai:etoxy-I-7,-II-7-di-Omethyl[l~3\II-8] 
blfXavone (CUVXA) 
CLIVX (30 mg) was a c e t y l a t e d wi th p y r i d i n e (0 .5 ml) and 
a c e t i c anhydride (1 ml ) . After usua l work up , the a c e t a t e 
(CLIVXA) was c r y s t a l l i z e d from CHCl^-MeOH as c o l o u r l e s s need l e s 
(20 mg). 
Ni\AR (CDCI3): Values on T Sca l e 
2.02, 2.08 (d, q, 2H, H-I-2',1-6'); 2.56 (d, IH, 
H-I-.5'); 2,50 (d, 2H, H-II-2',11-6'); 2.96 (d, 2H, H-II-3', 
II-5'); 3.20 (d, IH, H-I-R); 3.40 (d, IH, H-I-6); 3.24 (s, IH, 
B-tA, 
H-II-6);j,3.45 (s, IH each, H-I-3, II-3); 8.01, 7.74 (s, 3H each, 
OAc-1-4',11-4'); 7.50, 7.59 (s, 3H each, OAc-I-5,II-5); 6.14, 
6.17 (s, 3H each, 0Me-I-7,II-7). 
5.7.4'-Triacetoxvflavone (CLIVYA) 
CLIVY (25 mg) was heated with pyridine (0.5 ml) and 
acetic anhydride (1 ml) on water bath for 2 hrs, worked up as 
usual and crystallized from CHClo-MeOH (15 mg) as colourless 
needles, m.p. 185-186°. 
NMR (CDCI3): Values on T Sca le 
3.42 ( s , IH, H-3) ; 3.20 (d , IH, J=2.5 Hz, H-6); 2 .80 
(d , IH, J=2 .5 Hz, H-8) ; 2 .75 (d , 2H, J=9 Hz, H - 3 ' , 5 « ) ; 2 .14 
(d, 2H, J=9 Hz, H - 2 ' , 6 ' ) ; 7.68 ( s , 6H, O A c - 4 ' , 7 ) ; 7 .58 ( s , 3H, 
OAc-5). 
1-5,11-5,I-7-Triacetoxy-l-4',II-4',ll-7-tri-Q-methyl[l-3',11-8] 
biflavone (CLVA) 
CLV was found to be trimethyl ether of amentoflavone 
by TLC examination of CLV and its complete methyl ether. CLV 
(20 mg) on derivatization gave an acetate (CLVA) which was 
crystallized from CHCl^-MeOH (14 mg), m.p. 190-192°. 
NMR (CDCI3): Values on T Scale 
2.10, 2.15 (d, q, 2H, J.j^=9 Hz, 3^=^ Hz, H-I-2' ,1-6'); 
2.88 (d, IH, J=9 Hz, H-I-5 •) *, 2.66 (d, 2H, J=9 Hz, H-II-2',6'); 
3.22 (d, 2H,' J=9 Hz, H-II-3',5*); 3.50 (s, IH, H-I-3); 3.40 (s, 
IH, H-II-3); 2.73 (d, IH, J=2.^ Hz, H-I-8); 3.22 (d, IH, J=2.5 Hz, 
H-I-6); 3.20 (s, IH, H-II-6); S.27 (s, 3H, OMe-I-4'); 6.40 
(s, 3H, OMe-II-4'); 7.76 (s, 3H, OAc-I-7); (6.20) (s, 3H, OMe-
II-7); 7.53 (s, 3H, OAc-I-5); 7.42 (s, 3H, OAc-II-5). 
Extraction of flavanones from the leaves of Rhus insiqnis Hook.f. 
(Anacardiaceae) 
Rhus insiqnis Hook. f. (Anacardiaceae) was procured 
from Kurseong, Darjeeling (Vi/. Bengal^ INDIA). The dried and 
powdered leaves (1 Kg) were completely exhausted with petroleum 
ether (40-60°) and then with boiling acetone. From the acetone 
extract, on recovery of the solvent, a gummy dark green mass was 
obtained. It was treated with different solvents as described 
earlier and gave a dark brown solid which was further purified 
by column chromatography (silica gel) eluting successively with 
pet. ether (40-60 ), benzene, chloroform and benzene-ethylacetate 
(9:1, 8:2 and 7:3). The last three fractions were combined and 
solvent distilled off. A yellow solid mass (1 g) was obtained. 
TLC examination of the crude mixture in TEF (toluene:ethyl-
formate: formic acid, 5:4:1) revealed four compact spots in UV 
light which were separated by column chromatography (silica gel) 
and labelled as RI-I (200 mg, R^ 0.60)', RI-II (300 mg, R^ 0.64), 
RI-III (150 mg, R^ 0.70) and RI-IV (50 mg, R^ 0.88). 
3,7,3',4*-Tetrahydroxvflavanone (RI-I) 
The fraction RI-I was crystallized from CHClg-MeOH as 
fine needles, m.p. 227-230° (lit}^ "^  m.p. 228-229°). 
UV abso rp t ion (}\^ ,nm) 
MeOH 276, 312; NaOMe 25C, 296 sh , 332 ( d e c ) ; AlCl^ 
233 , 306, 347 sh; AlCl^/HCl 232, 276, 306; NaOAc 254 sh , 283 , 
332; NaOAc/H3B03 279, 312 sh. 
A c e t y l a t i o n of R1~I 
On a c e t y l a t i o n with ACpO/Pyridine and usua l work up , 
i t gave an a c e t a t e h l - I A which was c r y s t a l l i z e d from e t h a n o l , 
m.p. 148° (litJ-^® m.p. 1 4 9 ° ) . 
NMR (CDCI3): Values on T S c a l e 
3.35 (q , IH, Jj^=9 Hz, J2=2.5 Hz, H-6) ; 3.15 (d , IH, 
J=2 .5 Hz, H-8) ; 2 .05 (d , IH, J=9 Hz, H-5 ) ; 2 .60 (m, 3H, H - 2 ' , 5 « , 
6 ' ) ; 4 .25 (d , IH, J=11.5 Hz, H-2) ; 4 .70 (d , IH, J=11.5 Hz, H-3); 
7.95 ( s , 3H, OAc-7); 7 .72 ( s , 9H, O A c - 3 , 3 ' , 4 ' ) . 
3.5.7.3'.4'-Pentahvdroxvflavanone (RI-II) 
It was crystallized from benzene ethylacetate as colour-
eedl 
253°). 
less n es (200 mg), K^ 0.64 (TEF), m.p. 245° (lit^^ m.p. 221-
9 
UV absorption (^ s^y*'^ "'^  
MeOH 288, 325 sh; NaOMe 244 sh, 324 dec; AlCl^ 278 sh, 
310, 373; AlCiyHCl 310, 373; NaOAc 287 sh, 325; NaOAc/H3B03 290, 
335 sh. 
Acetylation of RI-Il 
A solution of HI-II (50 mg) in Pyridine (0.5 ml) and 
acetic anhydride (1 ml) was heated on a water bath for 2 hrs. 
The mixture on usual work up, crystallized from CHCl^-MeOH and 
gave colourless needles (RI-IIA) m.p. 145-149° (litj^° m.p. 147-
148°). 
NMR (CDCI3): Values on r Scale 
2.64 (m, 3H, H-2',5',6'); 3.30 (d, IH, J=2.5 Hz, H-6); 
3.08 (d, IH, J=2.5 Hz, H-8); 4.24 (d, IH, J=12 Hz, H-2); 4.65 
(d, IH, J=12 Hz, H-3); 7.61 (s, 3H, OAc-5); 7.71 (s, 9H, OAc-
3,3«,4'); 7.96 (s, 3H, OAc-7). 
5.7.3*.4'-TetrahvdroxYflavanone (RI-III) 
It was crystallized from benzene-ethylacetate as yellow 
cubes (100 mg), R^ 0.70, m.p. 264° (lit^ -^*- 265-266°). 
2 J J 
UV abso rp t ion ( XmaY*"^ "^ ^ 
max 
MeOH 287, 322 sh; NaOMe 244, 322; AlCl^ 308, 376; 
AICI3/HCI 307, 371; NaOAc 287 sh, 323; NaOAc/H3B03 287, 331 sh. 
Acetylation of Rl-III 
It was acetylated with Ac^O/Pyridine and crystallized 
from CHClo-MeOH as colourless needles, m.p. 140-145° (lit. m.p. 
141-142°). 
NiVR (CDCI3): Values on T Scale 
2.73 (m, 3H, H-2',5',6'); 3.36 (d,' IH, J=2.5 Hz, H-6); 
3.10 (d, IH, J=2.5 Hz, H-8); 4.55 (q, IH, J^=12 Hz, 3^=4 Hz, 
H-2); 6.77 (q, IH, J^=12 Hz, J2=17 Hz, H-33^); 7.08 (q, IH, J^= 
4 Hz, J2=17 Hz, H-3g^^); 7.63 (s, 3H, OAc-5); 7.73 (s, 9H, OAc-
3,3',4'). 
Dehvdroqenation and me thy la t ion of R I - I I l 
A s o l u t i o n of R I - I I I (50 mg) in DM30 (1 m l ) , two drops 
of cone. H2SO4 and a small c r y s t a l of i o d i n e was heated a t 120° 
for ha l f an hour. The mixture was poured on to crushed i c e and 
worked up as u s u a l . I t was c r y s t a l l i z e d from e thanol and gave 
yel low cubes RI - I I ID (40 mg), m.p. 328° ( l i t ? ^ m.p. 330-331°) . 
R I - I I ID was methyla ted wi th Me2S0^/K2C03 in dry ace tone . The 
product on usual work up and crystallization from CHClo-MeOH, 
gave colou 
192-193°). 
rless needles RI-IIIDM (25 mg), m.p. 190° (lit. m.p. 
NMR (CDCI3): Values on Y Scale 
2.50 (q, IH, Jj^=9Hz, J2=3Hz, H-6'); 2.65 (d, IH, J=3 Hz, 
H"2'); 3.05 (d, IH, J=9 Hz, H-5'); 3.35 (d, IH, J=3 Hz, H-8); 3.45 
(s, IH, H-3); 3.65 (d, IH, J=3 Hz, H-6); 6.04, 6.08 (s, 6H, OMe-
5,7); 6.12, 6.18 (s, 6H, OMe-3',4'). 
5.7.4'-Trihvdroxvflavanone (RI-IV) 
The fraction, RI-IV was crystallized as pale yellow 
needles from benzene-ethylacetate (25 mg), R^ 0.88 (TEF), m.p. 
255-257°. 
UV absorption (X« »nm) 
_________J ''max 
MeOH 287, 324 sh; NaOMe 243, 321; AlCl-^  310, 373; 
AICI3/HCI 309, 369, NaOAc 282 sh, 321; Na0Ac/H3B03 288, 330 sh. 
NMR (CDCI3): Values on T Scale 
2.66 (d, 2H, J=9o5 Hz, H-2',6'); 3.15 (d, 2H, J=9.5 Hz, 
H-3',5'); 4.06 (s, br, 2H, H-6,8); 4.6Q (q, IH, Jj^ =12 Hz, 3^=A Hz, 
H-2); 7.24-7.04 (m, 2H, Jj^ =12 Hz, J^=A Hz, J3=17 Hz, H-3,3);-3.98 
(s, 3H, OH-5,7,4'). 
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